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CHAPTER 1 
INTRODUCTION 
A package of l a t e s t t echn iques evolved dur ing the l a s t 
30 y e a r s , i n c l u d i n g the i n t r o d u c t i o n of new high y i e l d i n g 
v a r i e t i e s has been i n s t r u m e n t a l i n u s h e r i n g i n the s o - c a l l e d 
" Green R e v o l u t i o n " i n I n d i a , making the n a t i o n s e l f - s u f f i c i e n t 
i n food g r a i n s . One of the p r e - r e q u i s i t e s fo r the success of 
t h i s e f f o r t i s the a p p l i c a t i o n of s u f f i c i e n t q u a n t i t i e s o f 
chemical f e r t i l i s e r s . However, the y i e l d i n g c a p a c i t y of many 
• 
crops having reached a p la teau, app l ica t ion of add i t iona l 
quan t i t i e s has proved not only wasteful but a l so countei>-
product ive . Moreover, frequent app l ica t ion of heavy doses of 
nitrogenous f e r t i l i s e r r e s u l t in the accumulation of high leve ls 
of n i t r a t e in the ground water, which could become a heal th 
hazard. In many cases i t proves uneconomical due to losses 
through leaching tha t c a r r i e s i t beyond the root ing zone of 
the p l an t s , rendering i t inaccess ib le to the crop (Thenabadu, 
1989). Ptowever, in developing countr ies l ike India, such a 
problem i s not so gr«ve because, in most of the regions, the 
farmers are so poor t ha t they can not afford to apply even the 
fu l l recommended dose of f e r t i l i s e r s . But in s t a t e s l ike 
Punjab, which cont r ibutes much to na t iona l a g r i c u l t u r a l 
production, severa l cases of n i t r a t e toxici-ty have come to 
l i g h t , presumably due to such contamination of drinking water 
(Anonymous 1988). The a g r i c u l t u r i s t s a re , there fore , looking 
for ways to break the present y ie ld l imi t s by usinj^ other 
techniques. Fbr example, the use of inexpensive synthet ic 
growth regula tors r e la ted to endogenous p lan t growth substances, 
has proved quite promising. 
Several vitamins of B-group are well known for t h e i r 
•f 
growth promoting e f fec t (Almestrand, 1950; Lee and Whaley,l953; 
Boll , 195A; Fr ies , 1955; Barbier i , 1959 and Pandev, 1979). At 
Aligarh, t h i s knowledge has been exploited to a t t a ck the above 
problem with the view to s t imulate root growth of the p lants 
whose enhanced p r o l i f e r a t i o n a t the ear ly s tages of growth would 
be expected to explore more s o i l so as to r e s u l t in removing 
more of the required nu t r i en t s and water. Be t te r root growth 
wi l l na tu ra l ly be ref lec ted in increased shoot growth and 
b io log ica l y ie ld , a t harves t . During the l a s t f i f teen years , 
many pot and f ie ld experiments have been conducted where 
exogenous app l ica t ion of pyridoxine (vitamin B5) to the seed 
before sowing or to the foliage of the standing crop of cerea ls 
and legumes s ign i f i can t ly increased not only root and shoot 
growth but a l so the f i na l y ie ld and improved the qua l i ty of 
the seed (Afridi e t a l . . , 1979; Ahmad e t a l . . , 1981, 1982, 1986; 
Samiullah e t a l . , 1985; Ansari, 1986; Khan, 1988), Being simple 
and inexpensive, t h i s poor approach i s expected to be acceptable 
to our farmers as i t ensures high product iv i ty besides f e r t i l i s e r 
economy. 
The experiments conducted e a r l i e r a t Aligarh were planned 
with an agronomic r a the r than physiological b i a s . The present 
inves t iga t ion was, therefore , p a r t i c u l a r l y aimed a t e luc ida t ing 
the role of pyridoxine in the germination process of the seed 
and the ear ly growth of the seed l ings . T r i t i c a l e was se lected 
food 
as the t e s t crop which besides character ised with^quali ty seeds 
had shrinkage in the seeds accompanied with poor genninabi l i ty 
(inam, 1978; Inam e_t al^., 1982) which make i t unable to competo 
with t r a d i t i o n a l c e r e a l s . In a l l ^ four experiments were 
conducted during the " r a b i " winter seasonsof 1985-88 with the 
following aims and ob jec t ives : 
The seeds, before and a f t e r being soaked in water o r 
pyridoxine so lu t ion , were screened for t h e i r nat ive pyridoxine, 
carbohydrate and pro te in contents and a-amylase and ca ta lase 
a c t i v i t i e s to study the pa t t e rn of mobi l isa t ion of food reserves 
during germination. 
Pre-tireated seeds with pyridoxine were grown in sand to 
study the growth pa t t e rn of r e s u l t i n g root and shoot a t ear ly 
as well as l a t e s tages of growth. 
At harvest , b io log ica l y ie ld of the p lan ts raised from 
the seeds soaked in pyridoxine so lu t ion was a l so studied in sand 
cu l tu re . 
The data obtained in the above four experiments were 
subjected to s t a t i s t i c a l ana lys is and the conclusions drawn from 
them are presented here . 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Vitamins 
Vitamins are organic substances, required by a l l organisms 
in t r a c e s . They help in regula t ing metabolism as co-enzyme and 
thus maintain normal growth and development. Their e s s e n t i a l i t y 
was f i r s t es tab l i shed for animals . The absence of one or the 
other vitamin in the d i e t of animals caused n u t r i t i o n a l 
d i so rde r s . P lan t s , on the other hand, being auxo-autotrophic 
in nature except for ce r t a in mutants (Fr ies , 1961) do not 
exh ib i t vitamin def iciency. 
The t o t a l span of the durat ion of vitamin research in 
p lan ts may be devided in to three d i s t i n c t per iods . The f i r s t 
phase consisted of the recognit ion of t h e i r na tu ra l exis tance; 
the second phase comprised i s o l a t i o n and the l a s t one, where 
a number of vitamins were pur i f ied and subsequently character ised, 
I t was the t h i rd phase, tha t was of extreme importance, during 
which e f fo r t s were made to e s t ab l i sh whether or not an 
exogenously supplied vitamin alone or in combination affected 
the growth and development of p lan ts (Bonner and Bonner, 1948; 
^berg, 1961). 
Based on t h e i r s o l u b i l i t y , vitamins have been broadly 
c lass i f i ed as " fa t -so luble »• (e .g . vitamins A,D,E and K) and 
•• water -so luble" ( e .g . vitamin B and C). On ana lys i s , vitamin B 
proved to be a mixture of severa l compounds and has been 
referred to as " v i t a m i n B-complex" . The following discussion 
wi l l be r e s t r i c t e d to t h i s group of the vitamins only, in 
keeping with the l imi t a t ions of the present research problem. 
2.2 Vitamins of B-group 
The water-soluble f rac t ion extracted by Mc Collum and 
Davis (1915) and Osborne and Mendle (1915) from r i ce pol ishings 
and wheat embryos, respect ive ly was l a t e r found to be a complex 
of r e la ted compounds. The vitamins i so la ted and iden t i f i ed 
from t h i s heterogenous group were designated a r b i t r a r i l y and : 
namded as B^, B^, B^, B^, By B^. B^, Bg, B^, B^^, B^^ and B^^, 
Although these vitamins are well known ind iv idua l ly today, 
the term " v i t a m i n B-complex" i s s t i l l in vogue. 
All vitamins of B-group ate claimed to be growth factors 
for higher p l an t s ; but only vitamins B^  (thiamine) and Bg 
(pyridoxine) have been more extensively studied among them. 
This review of l i t e r a t u r e w i l l , therefore , include la rge ly the 
work done on the response of p lan t s and t h e i r organs to vitamins 
B^ and Br. 
2*2.1 Vitamin B^ (thiajaine) 
Jansen and Donath (1926) i so la ted pure thiamine from 
r i c e pol ishings which was l a t e r c r y s t a l l i s e d by Se ide l l and 
Smith (1933). Williams (1936) es tab l i shed i t s chemical 
s t ruc tu re and the empirical formula, " C-,2HL,QO N^SClp" . 
s t r u c t u r a l l y , the molecule cons i s t s of two u n i t s : (a) pyridine 
and (b)" ' thiazole, in addi t ion to quaternary n i t rogen . Both 
the un i t s are Joined by a methylene bridge (Fig. 1a) . With 
regard to i t s physical p rope r t i e s , i t i s f a i r l y r e s i s t a n t to 
boi l ing and autoclaving in acid solut ions of pH 3 or 5. Thiamine 
i s extremely water-soluble , so tha t 1 g can be dissolved in 
1 ml of water. I t i s marketed as thiamine hydrochloride. The 
b io log ica l ly ac t ive form is thiamine pyrophosphate (Fig. l b ) . 
2.2.2 Vitamin B^ (Pyridoxins) 
The vitamin was i so la ted from r ice pol ishings by 
Keresztesy and Stevens (1938). However, in the same year, the 
c r y s t a l l i n e form was obtained by Kuhn and Wendt (1938) from 
yeast e x t r a c t . Harris and Fblkers (1939), Harris e t a]^. (1939) 
and S t i l l e r et_ al^. (1939) explored the chemical nature of the 
vitamin and found I t to be a pyridine der iva t ive (2-methyl- • 
3-hydroxy 4,5-di-hydix>xy methyl pyr idine) as shown in Fig.2a, 
As a free base, i t i s co lour less , c r y s t a l l i n e powder 
with a s l i g h t l y b i t t e r t a s t e . I t melts a t 160°C (Keresztesy 
and Stevens, 1938) and Is read i ly soluble in water, alcohol and 
acetone. I t c r y s t a l l i s e s in the form of various water-soluble 
s a l t s e . g . hydrochloride (the marketable form) which is a 
white heat s tab le powder and melts a t 204°-206°C (Keresztesy 
and Stevens, 1938). The b io log ica l ly ac t ive fonns of pyridoxlne 
are pyridoxal phosphate and pyridoxamine phosphate (Figs. 2b, c ) . 
^ + ^S OH 
^ C H 2 - N ^ .^^ 
' ^ 3 ^ " ^ N ^ " CH3 
(a) Thiamine 
HaC-k^^H CH3 I 0 
(b) Thiamine pyrophosphate 
Fig. 1 Structural formulae of vitamin B^  and its biologically 
active form-
H 
I 
H - C - O H 
(a) Pyridoxine 
H 
I 
C = 0 " H-C-NH2 0 
HO^XcH^-O-P-O- H O ^ C H , - 0 - J - 0 -
(b) Pyridoxal phosphate (c) Pyridoxamlne phosphate 
Fig. 2 StructuroLformulae of vitamin Bgand its biologically 
active forma 
2,3 B-vltamlns In higher p lan ts 
In tac t higher p l a n t s , except some mutants, are capable 
of synthesis ing the required amount of vitamins (Fr ies , 1951), 
Various p lan ts and t h e i r pa r t s have, na tu ra l ly been extensively 
screened for vitamin, research from time to t ime. For example, 
as ear ly as 19A8, Bonner and Bonner found t h a t the thiamine 
(vitamin B^) was synthesised in the leaves of tomato and 
transported from there to the r e s t of the p lan t body, 
2.3.1 Seeds 
Robert and Andrews (1941) noted that the thiamine level 
in the developing seeds of corn, rye, sorghum and barley 
followed a similar pattern, the quantity, however, varied with 
the variety and the environment around the mother plant, 
A significant increase in the contents of riboflavin, 
biotin, niacin, pyridoxine (but not of thiamine) was noted in 
the germinating seeds of oats, barley, wheat, corn, soybean and 
pea by Burkholder and McVeigh (1942). In contrast to his 
earlier observations, Burkholder (1943) reported an increase 
in thiamine content in germinating seeds of oats and barley by 
6.1996 and 32.35%, respectively. Burkholder and McVeigh (l945b) 
noted that the thiamine level in the germinating seeds of 
Pisum sativum. Phaseolus aureus and seven cultivars of So.ja max 
remained unchanged. They, therefore, inferred that either the 
vitamin was required in very low concentrations or synthesised 
afresh during germination. The pyridoxine content, however, 
decreased, indicating its utilisation in seed metabolism. 
8 
Hoffer e_t al^. ( 1 9 ^ ) made the i n t e r e s t i n g observation 
tha t the t o t a l thiamine content in wheat sprouts increased from 
11% a t day second to 68% a t day e igh teen th . I t , however, 
decreased a t the germ and brush ends of the seed from 75% to 
25% and 14% to 7%, r e spec t ive ly . Thus ind ica t ing continuous 
t r ans loca t ion of the vitamin from seed to the sprout . Similar ly , 
Wai et_ al^. (1947) estimated carotene, thiamine, r ibof lav in , 
n iac in and dehydroascorbic acid in dry and germinating seeds of 
soybean a t i n t e r v a l s of 24, 48, 54 and 76 h. All the vi tamins, 
except thiamine, increased quan t i t a t ive ly and a t t a ined optimum 
l eve l a f t e r 54 h of germination. Thiamine content showed 
a l t e r n a t e increase and decrease throughout the germination period 
s tud ied . The cotyledons notably possessed g rea te r amounts of 
a l l the v i tamins . Ta l la r ico (1950) a lso reported high vitamin 
content in germinating seeds of legumes and c e r e a l s . 
Ogunmondede and Oyenuga (1970) screened the seeds of 
t h i r t y Nigerian cowpea cu l t i va r s (ten c u l t i v a r s each of black 
eye, blue eye and brown eye type) for t h e i r pyridoxine, 
pantothenic acid, b io t in and fo l i c acid rese rves , fyridoxine 
content was maximum in brcwi type and minimum in blue type 
(0.40 and 0.29 mg/lOOg seeds, r e s p e c t i v e l y ) . Blue eye type, 
however, contained highest amount of pantothenic acid and 
b io t in , while brown eye cowpea proved poor in t h i s regard, 
ind ica t ing considerable differences in the vitamin content of 
each genotype. 
2^.2 Vegetative organs 
Among the vegetat ive organs, leaves have been proposed 
to be primary centre for the synthesis of the v i tamins . Bonner 
and Greene (l938) observed a l i g h t mediated increase in thiamine 
content in pea p l an t , ind ica t ing a possible co r r e l a t i on between 
thiamine^ production and photosynthes is . They fur ther suggested 
t h a t from the leaves i t i s t ransported to the r o o t s . The 
e s s e n t i a l i t y of chlorophyll for the synthesis of vitamins was, 
however, el iminated by Bobbins (1939) as c e r t a i n fungi and 
yeas t were found to synthesise the required vitamins in i t s 
absence. 
Conner and Straub (19^1) reported higher thiamine content 
than tha t of r ibof lav in in wheat and c o m . The thiamine l eve l 
in wheat was dependent on v a r i e t y , p ro te in content and environmenta. 
conditions in which the mother p lants were c u l t i v a t e d . Similar ly , 
in com, the thiamine content showed some v a r i a t i o n from var ie ty 
to v a r i e t y . However, these factors were l e s s e f fec t ive in the 
case of r i bo f l av in . 
The d i s t r i b u t i o n of thiamine in tomato p lan t s was 
explored by Bonner (1942). He noted that the vitamin content 
was maximum in young leaves; but i t decreased in each 
successively lower leaf . He proposed tha t thiamine i s probably 
exported from mature to the young rapidly expanding leaves , 
pyridoxine content in tomato p lan ts followed a some what s imi la r 
pa t t e rn (Bonner and Borland, 1943). 
10 
Burkholder and McVeigh (I945a) noted tha t buds, leaves 
and shoots of 18 kinds of woody p lants were a r ich source of 
thiamine, r i bo f l av in , pyridoxine, n iac in , i n o s i t o l , b io t i n and 
pantothenic a c i d . The buds of poplar , forsy th ia , t u l i p and 
apple had pyridoxine in abundance. 
Gustafson (l947) reported an increase in thiamine and 
r ibof lav in contents in tomato shoot as i t aged. A major p a r t 
of these vitamins was confined to the young leaves and stem. 
The roots comparatively had a lov/er concentrat ion of thiamine 
than the leaves and the middle por t ion of the stem and much less 
than the ap ica l p a r t of the stem. The r ibof lav in content in 
the ap ica l pa r t was much more than the middle p a r t of the stem 
and root which had some what the same l e v e l . In f r u i t s , the 
vitamin contents were l ess than tha t of the mature leaves , 
Withner (1949) estimated ten B-vitamins in the leaves 
of three v a r i e t i e s each of tomato and cucurbi t a t a s e r i e s of 
developmental s t a g e s . Thiamine, pantothenic acid , i n o s i t o l , 
chol ine, b io t i n and niacin were found to occur in g r ea t e s t 
amounts in the shoot t i p reg ions . Pyridoxine and r ibof lavin 
were more concentrated in the mature l eaves . Ibwever, fo l ic 
acid and P-amino benzoic acid showed no p e r t i c u l a r d i s t r i b u t i o n 
p a t t e r n . The v a r i a t i o n in the leve l of vitamins from shoot 
apex to the mature leaves was, hoNs-ever, dependent on the vitamin 
and va r i e ty in ques t ion . 
11 
Begishvi l ic ( l968), working with pea p l an t s , reported 
tha t pyridoxine and pantothenic acid were concentrated most in 
the root nodules (0.25 and 0.28 ^ 9^ , r e spec t ive ly ) and 
n i c o t i n i c acid in the roots (0.23?6) and were lowest in the 
l eaves . •'Rao and Sastry (l972) reported the d i s t r i b u t i o n pa t t e rn 
of thiamine and pyridoxine in groundnut seed l ings . The ep ico ty l 
and root had higher concentrat ions of these vitamins than 
hypocotyl, whereas, cotyledons exhibited the l e a s t va lues . The 
vitamin content increased with the growth of the seed l ings . 
They further observed a pos i t ive co r re l a t ion between the 
synthesis of chlorophyll and v i tamins . Dagis and Katinai te 
(l982) observed tha t in autotrxsphic and heterotrophic horse 
t a i l p l a n t s , the synthesis of B-vitamins occurred in the a e r i a l 
p a r t . They, therefore , exhibi ted a higher l eve l of the 
vitamins in the epigeal p a r t than in the rhizome. They claimed 
an ac t ive p a r t i c i p a t i o n of B-vitamins in the vegeta t ive and 
reproductive growth of these p l a n t s . 
2 , 4 B-vltamlns In physiological researches 
Eversince the pioneering discover ies of Twort and 
Ingram (1912), i t has been r ea l i sed tha t , in addi t ion to sugars 
and minerals , c e r t a i n other organic substances, termed as 
" growth f a c t o r s " , are needed for the healthy growth of p lan t 
t i s sues and organs . These chemicals (vitamins) wer^, therefore , 
added extensively to standard growth media for iji vivo and 
in v i t r o cul ture of p lan t s and t h e i r p a r t s . 
12 
2.4,1 Tissue culture 
Bonner (1937) observed normal growth of pea root t i p s 
a t ea r ly s tages under in v i t r o condit ions in a medium of 
sugars and inorganic s a l t s . Further growth could, however, be 
maintained only when the cu l tu re medium was supplemented with 
yeas t e x t r a c t o r c r y s t a l l i n e vitamin B^  a t a concentra t ion of 
0,02 Mg ml . He, the re fore , concluded t h a t the yeas t e x t r a c t 
was probably a r ich source of the vi tamin. Later , Bonner and 
Addicott (1937) noted tha t^ in successive passages, vi tamin B j^, 
in a s soc ia t ion with a mixture of pure c r y s t a l l i n e amino ac ids , 
sugars and inorganic s a l t s , not only completely replaced yeas t 
e x t r a c t but surpassed a l l growth irates noted e a r l i e r for pea 
t i p s . I t was, therefore , proposed by them t h a t vitamin B^ 
be treate-d as a p l an t hormone. They were supported by Robbins 
and Bartley (1937) who were able to cu l tu re tomato root t i p s 
for an inde f in i t e period in a medium supplemented with minerals , 
s a l t s , carbohydrates and vi tamin B^, White ( l937a,b) claimed 
i nd i spensab i l i t y of the yeas t e x t r a c t factor and s a l t s for 
optimal growth of excised tomato r o o t s . Vitamin B^, probably 
a cons t i tuen t of the yeas t e x t r a c t f rac t ion and soluble in 
absolute a lcohol , p a r t l y replaced the requirement of yeas t 
e x t r a c t in the cu l tu re medium for b e t t e r growth. He, therefore , 
analysed the yeas t e x t r a c t and found th i s growth factor was 
soluble in water o r 8096 e thy l a l coho l . The ex t r ac t i on with 
a lcohol had two f r a c t i o n s : ( a ) insoluble p a r t (a source of 
amino ac ids ) and (b) soluble p a r t ( r ich in vi tamin B^). 
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Bonner (1938) reported t h a t the excised tomato roo ts 
could maintain normal growth a t the ear ly s tages because they 
possessed su f f i c i en t amount of thiamine. He, fur ther , observed 
t h a t root growth in a medium supplemented with e i t h e r thiamine 
or th iazole and pyrimidine (the two components of thiamine) was 
comparable. 
Bonner and Devirian (1938) noted t h a t i so l a t ed pea and 
radish roots could be cul tured inde f in i t e ly in a bas ic n u t r i e n t 
medium supplemented with vitamin B^ and n i c o t i n i c a c i d . The 
incorporat ion of the medium with o ther vitamins (pyridoxine, 
r ibof lav in , adenine, ascorbic ac id , pantothenic ac id , vitamin 
E and K) and numerous amino ac ids together with vitamin B>| and 
n i c o t i n i c acid did not improve the growth r a t e fu r the r . The 
tomato r o o t s , however, exhibi ted a maximum increase in growth 
r a t e in a medium r ich in vitamin B^, B^ and n i c o t i n i c acid only . 
I t was therefore , concluded t h a t the vitamin requirement va r i e s 
with the p l a n t s . 
Addicott (1939) proposed t h a t root growth i s normally 
charac te r i sed with c e l l d iv i s ion , e longat ion, d i f f e r e n t i a t i o n 
and maturat ion. He noted t h a t a l l the processes , except c e l l 
d iv i s ion , proceeded normally in the roots cul tured in the 
absence of vi tamin B^, I t was, therefore , inferred t h a t 
vi tamin B^  enhances meristematic a c t i v i t y r a the r than any of 
the o ther processes which are probably under the cont ro l of 
other hormones. In addi t ion to t h i s Addicott and Devirian 
(1939) reported the existance of an o ther e s s e n t i a l growth fac tor 
14 
(n i co t in i c a c i d ) , besides vitamin B^, present in the yeas t 
e x t r a c t , .The bas ic n u t r i e n t medium r ich in n i c o t i n i c ac id , 
s a l t s and sugars was found to support the growth of pea roots 
i n d e f i n i t e l y . 
Robbins and Schmidt (1939) noted t h a t the roots of a 
tomato s t r a i n cul tured by them under in v i t r o condi t ions 
synthesised vitamin B^ in amounts su f f i c i en t t o permit slow 
growth; but for rapid growth the absence of vi tamin B^ and 
B^ was the l imi t ing f ac to r . The add i t ion of c r y s t a l l i n e 
pyridoxine and thiamine to the cu l tu re medium, there fore , 
exhibi ted b e t t e r root growth. 
Bonner (1940) made a comparative study of the requirement 
of vitamin B. , B^ and/or n i c o t i n i c acid by the roots of s ix 
p l an t s cul tured in v i t r o . He noted t h a t thiamine was required 
by the roots of a l l the genera, n i co t i n i c acid by a l f a l f a , 
c lover and cot ton , pyridoxine by c a r r o t and both B. and B^ 
by Datura and tomato for t h e i r healthy growth. The i so la t ed 
roots of flax and clover exhibi ted slow growth in the absence 
of the added vitamin B^, i t was, there fore , infer red t h a t the 
roots of these p l an t s had the capab i l i t y to synthes ise the 
vitamin in amounts su f f i c i en t to sus ta in sub-optimal l eve l of 
growth. 
In con t r a s t to the above observat ions , White (19A0), 
who cul tured two s t r a i n s of excised tomato roots in a standard 
medium r ich in vitamin B^, pyridoxine, pyridine or n i c o t i n i c 
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acid, failed to observe any response. He, therefore, concluded 
that either these vitamins are of no value or their amount 
per s_e is seemingly adequate to support normal root growth. 
Addicott (1941) observed visual deficiency symptoms, 
in excised pea roots, induced by the absence of vitamin B. or 
nicotinic acid in the medium. A deficiency of either of them 
resulted in a decrease in the rate of cell division in the 
meristem and the final length of the cell at maturity, thus 
resulting in slow growth rate. In addition to this, a 
deficient level of nicotinic acid resulted in thinning of the 
roots due to a reduction in the diameter of the cells and the 
number of the columns of the cells in the root. Although the 
meristem of the roots developed in the presence or absence 
of thiamine were comparable in size, their growth rate declined 
more rapidly in the absence of thiamine than of nicotinic acid. 
Day (1941) cultured tomato roots in a medium added with 
thiamine, pyridoxine, nicotinamide, neopeptone, glutamic acid 
and glycine singly and in all possible combinations. He 
observed that, in the presence of thiamine only, the roots 
grew about 2 mm per day. Pyridoxine in association with 
thiamine improved the growth rate to 5-6 mm per day. The 
roots could be cultured successfully through 20 passages and 
developed hooks and curls. The addition of nicotinic acid 
with vitamin B. and Bg failed to improve root growth further, 
Pyridoxine was, however, found to be replaceable by glutamic 
acid or glycine. 
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Robbins (1941) successful ly cul tured the excised roots 
of two inbred l i n e s of tomato and the h e t e r o t i c F. in a 
syn the t i c so lu t ion for severa l passages . The roots of F^  grew 
more vigorously and produced more dry mat ter than those of 
e i t h e r of the parents when grown in a medium supplemented with 
thiamine, pyridoxine and/or nicot inamide. Itowever, root growth 
of one of the parents (Red Current) exceeded tha t of F^  in the 
cu l tu re added with t h i a z o l e . 
Robbins (1942) l i s t e d the e f f ec t of twelve analogues 
of pyridoxine on the growth of excised tomato ix>ots in the 
presence of thiamine. The benef i c i a l ac t ion of pyridoxine on 
roo t growth was not affected by e i t h e r a ce ty l a t i on or 
s u b s t i t u t i o n of an e thy l for the methyl group in the second 
pos i t i on of the pyridine r ing , however, the o ther nine analogues 
l o s t the power of a c t i v a t i o n . 
Day (1943) in cont inuat ion with his e a r l i e r s t u d i e s , 
cul tured tomato roots in a modified P fe f fe r ' s medium added with 
thiamine, pyridoxine, nicotinamide, neopeptone, glutamic acid 
and glycine in various combinations. In basa l agar with no 
added growth substance, the roo t seldom grew beyond a t the most 
the two passages . With the add i t ion of thiamine alone the root 
t i p s grew about 1.77 mm per day for an i n d e f i n i t e numbers of 
passages . The r a t e , however, increased to 5.2 mm per day when 
pyridoxine was a lso incorporated in add i t ion to thiamine. The 
roo ts developed c h a r a c t e r i s t i c s hooks and c u r l s . Further 
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add i t ion of nicotinamide or glutamic acid had no appreciable 
e f f e c t . On the o ther hand, neopeptone decreased the growth 
r a t e , 
Hilderbrandt ejt al_. (1946) s tudied the influence of 
increas ing and decreasing concentrat ions of a number of 
cons t i tuen t s of the basal medium including vitamins on the 
growth of tobacco and sunflower t i s s u e s cul tured in the f i r s t 
passage. Out of the vitamins t e s t ed , only pyridoxine appeared 
to favour the growth of sunflower t i s s u e , 
Alraestrand (l950) cul tured i so la ted roots of wheat, 
bar ley and oats in a medium supplemented with thiamine, 
pyridoxine and/or n i c o t i n i c a c i d . He noted t h a t wheat roots 
gave a comparatively b e t t e r response than the o ther c u l t u r e s , 
Pyridoxine alone had decisive e f f ec t on the growth by promoting 
meristematic a c t i v i t y , A concentra t ion of 0,5 to 1.0 mg 1 
proved bes t a t 27-28°G, He, therefore , inferred tha t pyridoxine 
i s probably a l imi t ing factor for root growth, where i t was 
spec i f i c a l l y needed to s t imulate c e l l d iv i s ion but not for 
e longat ion . He l a t e r extended t h i s work fur ther by incorporat ing 
nine s t r a i n s of wheat, s ix of bar ley , nine of oa t s and one of 
r y e . He reported s t imula t ion in root growth of a l l the nine 
s t r a i n s of wheat cul tured in a medium r ich in pyridoxine, 
although the r a t e of growth dif fered from s t r a i n to s t r a i n . 
The o ther c u l t u r e s , however, fa i led to give any response to 
the added vi tamin (Almestrand, 1951). 
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Whaioy eb_ ai_. (19^)0) reported that the roots of the 
tomato v a r i e t y under study required the add i t ion of thiamine 
and n iac in o r pyridoxine for b e t t e r growth and suggested 
complementary ac t ion of thiamine and e i t h e r n iac in or pyr idoxine, 
Lee and Whaley (1953) s tudied the growth of excised 
tomato roo t s , a t weekly i n t e r v a l s , in a medium with or without 
thiamine, n iac in and pyridoxine, in a l l possible combinations. 
They noted t h a t in the f i r s t week, the growth of the roots was 
comparable in a l l the c u l t u r e s . The bes t response was observed 
in the second and th i rd week in a medium incorporated with a l l 
the three v i t amins . A s i g n i f i c a n t response was a lso reported 
with thiamine alone o r in combination with n iac in and/or 
pyr idoxine. L i t t l e add i t iona l growth was observed in the roots 
grown in the medium containing pyridoxine or n iac in a lone . I t 
was, there fore , suggested t h a t an i n t e r - r e l a t i o n s h i p ex is ted 
between these vitamins as regards root growth. In a l l the 
c u l t u r e s , however, the root growth declined in the fourth week. 
I t was, the re fore , fur ther suggested tha t the bes t period to 
study the response of excised roots to the vi tamins was second 
o r t h i r d week. Boll (195^) reported t h a t excised tomato roots 
required thiamine, pyridoxine and n iac in for t h e i r optimal 
growth. The cu l tu res could, however, be maintained in the 
absence of n iac in in the medium. In add i t ion to t h i s , he noted 
t h a t pyridoxal and pyridoxamine could replace pyridoxine in the 
cu l tu re medium and t h e i r order of a c t i v i t y was pyridoxal > 
pyridoxine > pyridoxamine. Pyridoxine was a l so p a r t l y replaceable 
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completely or pa r t l y Incapable to produce pyridoxine and 
wlthdfnwn the vit^iinins from hypocoLyl ntid youn^^ rooLa, The 
pyridoxine synthes is ing power of the roots was obviously 
su f f i c i en t , to maintain growth of the root but not of root and 
shoot toge the r . In another s imi la r study, Fries (I955b) reported 
t h a t the cu l tu re medium required the add i t ion of thiamiKie 
(10 Mg 1 ) and pyridoxine (100 Mg 1 ' ) to support norma,], root 
growth of decotyl ised pea seedl ings in the dark. The presence 
of pyridoxine only in the cu l tu re medium fa i led to evoke any 
response in the p lan t s grown in l i g h t . However, as the 
synthes is of thiamine remained a l imi t ing fac tor , i t s 
exogenous app l i ca t ion to the medium st imulated shoot growth. 
Das and Das (1966) cul tured excised pea roots in a 
medium supplemented with thiamine and pyrieoxine to compare 
the r e l a t i v e effect iveness of both the vitamins on root growth. 
I t was observed tha t the bes t dose of thiamine (0,1 ppm) was 
ten times higher than tha t of pyridoxine (0,01 ppm). 
Gasparikova (l968) reported an tagon is t i c e f fec t of 
thiamine and lAA on the growth of excised tomato r o o t s . He 
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observed tha t add i t ion of 3x10 mg thiamine to the cul ture 
medium st imulated root growth. The e f fec t was, however, 
completely neu t r a l i s ed i f a higher concentra t ion of lAA 
(3x10 mg) was incorporated in the cu l tu re medium containing 
thiamine. 
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by glycine more in the presence than in the absence of n i ac in . 
On the o ther hand, n iac in was replaceable by niacinamide which 
was a more ac t ive form. Itorphogenetic e f fec t s of glycine and 
pyridoxine were comparable although glycine appeared to exe r t 
an independent e f f ec t on the i n i t i a t i o n of l a t e r a l s . I t was, 
therefore , proposed tha t morphogenesis and d i f f e r e n t i a t i o n of 
the roots was regulated by a proper balance of the growth 
factors (vitamins) in the cu l ture medium. 
FUi5iwara and Ojima (195^) s tudied the e f f e c t of thiamine, 
pyridoxine and n i co t i n i c acid on the growth of excised root 
t i p s of r i ce and wheat in l iqu id c u l t u r e . The incorporat ion of 
thiamine and/or pyridoxine in to the cu l tu re medium acce lera ted 
root growth in general but , wheat roots gave a marked response 
to pyridoxine only . Excised roots at tached to the s cu t e l l a 
grew much longer and did not require the add i t ion of the vitamin 
than root t i p s grown in i s o l a t i o n in the vitamin r ich medium. 
Fries (l955a) reported t h a t freshly excised pea roots 
remained unaffected by the add i t ion of a rg in ine , glycine and 
adenine and grew well even in a vitamin free medium, owing to 
the vitamin reserve present in the root v/hen exc ised . However, 
a f t e r one or two passages, the growth of the root t i p ceased. 
Continued growth of these excised roots was made possible only 
when the medium was incorporated with thiamine and n i a c i n . In 
add i t ion to t h i s , he noted tha t decotyl ised pea seedl ings grown 
in dark required thiamine and pyridoxine while n iac in possessed 
a very weak or no e f f e c t . This showed t h a t the shoot was e i t h e r 
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Kumar et, al.» (1972), in a t i s sue cu l tu re experiment with 
Qolichos l ab lab , observed that addi t ion of thiamine, n i c o t i n i c 
ac id , i n o s i t o l , pantothenic acid and chlor ide to the n u t r i e n t 
medium separa te ly o r in combination st imulated t i s sue growth 
and chlorophyl l syn thes i s . The optimum doses of these vitamins 
were 1 and 2 mg 1 , r e spec t ive ly . 
Kozhin and Kravtsov (1973) i so l a t ed embryos from pear 
and apple a t d i f f e ren t s tages of maturi ty and cul tured them 
in a medium incorporated with var ied l eve l s of pyridoxine 
(0,001 to 10.0 mg l""*). The presence of pyridoxine in the 
medium st imulated germination, accumulation of chlorophyl l 
and d i f f e r e n t i a t i o n of embryos in to seed l ings . Unripe seeds 
gave a b e t t e r response to the vitamin than r ipe ones . 
Ohira ejb a l . (1976) estimated c r i t i c a l l eve l of thiamine 
in soybean, tobacco and r ice c e l l s which was found to be nearly 
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0 .6 , 0.5 and 0,2 Mg g dry weight, r e spec t i ve ly . The growth 
of the t i s s u e s of these c u l t i v a r s ceased in suspension cu l tu res 
lacking thiamine. Soybean c e l l s could be grown s a t i s f a c t o r i l y 
in a mediiim supplemented with an equimolar mixture of pyrimidine 
and th iazole moeties, the two precursors of thiamine. Neither 
of these moeties alone could, however, s u b s t i t u t e for thiamine. 
In con t r a s t to t h i s , Ruta and groundnut c e l l s could be cul tured 
successful ly for 10 passages in the absence of exogenously 
supplied thiamine. They fur ther reported t h a t Ruta c e l l s on 
an average had 0.5 to 0.6 Mg g~ dry weight of thiamine in dark 
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and 3.5 Mg g dry weight in l i g h t . I t was, there fore , inferred 
t h a t Ruta c e l l s synthesise s u f f i c i e n t quan t i t i e s of thiamine 
in l i g h t . 
Wightman et^ al^. (1980) assessed the e f f ec t of auxins, 
cytokinins and vitamins on the decapi tated primary root of 
3 days old pea seed l ings . They reported tha t auxins a t an 
optimum concentra t ion of 10"~T4 promoted the i n i t i a t i o n of 
l a t e r a l roo t primordia. All the cytokinins , a t 10~^M and above, 
inh ib i t ed i n i t i a t i o n and the emergence of l a t e r a l r o o t s . 
—3 Nicot in ic acid and thiamine a t 10 "^M promoted both the 
i n i t i a t i o n of primordia and t h e i r emergence; pyridoxal phosphate 
st imulated emergence and e longat ion but did not influence the 
i n i t i a t i o n of primordia. 
2 ,4 .2 Pot cu l tu re 
A commonly adopted technique to a s c e r t a i n the e s s e n t i a l i t y 
of vitamins for whole p lan t growth i s to apply t h e i r aqueous 
so lu t ions e i t h e r to the roots or leaves of i n t a c t p lan t s in 
pot cul ture under control led condi t ions , 
Bonner and Greene (l939) reported an increase in the 
ra t e of growth and dry mat ter accumulation in Cosmos. Poa and 
Brassica p l a n t s , supplied with thiamine (0,01 mg 1~ ) in the 
n u t r i e n t s o l u t i o n . The response so induced was l a s t i n g r a the r 
than temporary. ?fowever, tomato and pea p lan t s gave no response 
to the add i t ion of thiamine. As the leaves of the responsive 
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c u l t i v a r s were found to contain three times more thiamine 
reserves than the non-responsive ones, they concluded tha t the 
leaf- thiamine l eve l may be regarded as a d iagnos t ic feature to 
nacer ta ln wothor the nddi t ion of the vJ tnrnin would promoLe growth 
of a p a r t i c u l a r p lan t or no t . 
Arnon (1940) su rp r i s ing ly , observed no response in 
Comos, tomato, lac tuca , cocklebur and mustard p lan t s supplied 
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with 0,01 to 0,5 mg 1 of vi tamin B. in the n u t r i e n t s o l u t i o n . 
He, the re fore , proposed t h a t higher p lan t s synthes ise vi tamin 
B^ in day time, i n quan t i t i e s s u f f i c i e n t to f u l f i l t h e i r needs. 
In add i t ion , he suggested t h a t seeds are the storage organs for 
vi tamin B^ to su s t a in growth a t ea r ly s t a g e s . Similar 
observations were made by Piamner (1940) in an experiment where 
n u t r i e n t so lu t ion , supplied t o a number of species grown in sand 
c u l t u r e , was supplemented with thiamine (0,01 mg 1 ) . The 
p l an t s did not show any de tec table differences a t high o r low 
n i t rogen l eve l under long or shor t day cond i t ions . Addi t ional ly , 
the niAmber and s ize of flowers in Cosmos remained unaffected. 
Hitchcock and Zimmerman (1941) a l so reached a s im i l a r conclusion. 
They did not observe any influence of vitamin B^  on the growth 
of i n t a c t p lan t s of severa l v a r i e t i e s of a s t e r in June and 
Ju ly . However, one of the a s t e r v a r i e t i e s , China a s t e r , grown 
during February and March, responded to weekly watering with a 
so lu t ion of vi tamin B. by producing t a l l e r p lan t s which had 
more weight than those receiving tap-water only . Minnum (l941a,b) 
conducted severa l experiments to study the response of a number 
24 
of vegetable p lan t s to the vitamins and t h e i r na tu ra l sources . 
Vita Flor (a commercial compound, r i ch in vi tamin B^, Bp, Bg, 
n i c o t i n i c acid and pantothenic ac id ) was supplied in the 
n u t r i e n t so lu t ion to the roots of radish already t rea ted with 
indole bu tyr ic acid in sand c u l t u r e . S imi lar ly , in another 
at tempt, c r y s t a l l i n e vitamin B , B and Bg and brewer 's yeas t 
(a source of v i tamins) were supplied to caul i f lower and rad ish 
p l a n t s , maintained in sand c u l t u r e , together with complete 
n u t r i e n t s o l u t i o n . He did not observe any response of these 
i n t a c t p lan t s to the vitamins or t h e i r commercial sources , 
Murneek (1941) supplied thiamine (0,005 mg 1~ to 
0,278 mg 1 ) to the p lan t s of tomato, d i l l , Rudbekia. Cosmos 
and ornamental pepper, grown in s o i l with water . Similar p l an t s 
were a l so ra ised in s o i l supplemented with l ea f mould (a r i c h 
source of v i t amins ) . In both the cases , he observed a 
conspicuous, though v a r i a b l e , response in a l l the p l a n t s , except 
tomato, root growth being benefi ted most. 
Templeman and Pollard (1941) reported t h a t tomato and 
oat p l a n t s , ra ised in sand c u l t u r e , supplied with thiamine 
and/or n i c o t i n i c acid did not show any response to the added 
v i t amins . They, there fore , suggested tha t the p l an t s themselves 
produce s u f f i c i e n t quan t i t i e s of these organic substances to 
render exogenous app l i ca t ion superf luous . 
Similar ly , Clark (1942) fa i led to observe any e f fec t of 
thiamine (0,01 ppm) on the growth of Afirostis and Brassica 
ra ised in sand o r s o i l , Minarik (1942) reached a s imi la r 
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conclusion t h a t r ice p lan ts synthesise su f f i c i en t quan t i t i e s 
of th i s vi tamin to s a t i s f y t h e i r needs when grown in favourable 
cond i t ions . Gisiger (19A-4) a l so noted tha t the exogenous 
app l i ca t ion of vi tamin B-^  had no e f fec t on the growth of 
sunflower, maize, wheat, f lax and beans, 
De Gapite (1949) observed an increase in r e sp i r a to ry 
a c t i v i t y in seedl ings of wheat, oats and bar ley supplied with 
vibamin B^, Bp and nicotinamide in the n u t r i e n t so lu t ion a t 
one leaf s t age . He proposed t h a t the vitamin probably s t imula tes 
catabol ' ic processes in the p lan t c e l l s . Water cu l tu re 
experiments conducted by Crescimanno (1954) led him to conclude 
t h a t vi tamin B^  acce lera ted root ing in vine cu t t i ngs through 
an e f fec t on root d i f f e r e n t i a t i o n . 
Barbier i (1959) cu l t iva ted peas, bean and beet in a 
s o i l incorporated with vitamin B^  and Bg. He noted an increase 
in p l an t he ight , l eaf number,fresh and dry weights in the 
t r e a t e d p l a n t s . The response was more prominent in beet than 
in peas and bean. Vergnano (1959) supplied 0.01 mg 1 of 
vi tamin B^  and Bg with n u t r i e n t so lu t ion to the stem cu t t ings 
of severa l p lan t s in sand c u l t u r e . He observed tha t the 
t r ea ted cu t t ings of Hedera he l ix and Rosa exhibi ted very high 
rooting percentage. However, Golutea arborescens did not give 
any response. In Rosa the p lan t s developed from the t r ea ted 
cu t t ings possessed more buds and leaves with l a r g e r blades 
than the cont ro l , 
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Davydova (1966) supplied vitamin B>| and B^, with n u t r i e n t 
so lu t ion to tomato p lan t s ra ised in sand in the presence or 
absence of Zn, He noted tha t a t ear ly growth s tages , before 
the p lan t s showed Zn deficiency symptoms, there was no change 
in the l eve l of the vitamins in the p l a n t s . However, in the 
r o o t s , pyridoxine content decreased s l i g h t l y . In addi t ion , 
he found t h a t Zn deficiency, even before the appearance of 
v i s u a l sjmiptoms, was associa ted with n i t r a t e accumulation in 
con t ro l p l a n t s . This i l l e f fec t induced by Zn deficiency was 
overcome by feeding vitamin B. and Bg to the p l a n t s . The 
presence of Zn or vitamin B. and Bg had no e f f ec t on n i t r a t e 
reductase a c t i v i t y . 
Gasparikova (196?) noted t h a t in a s o i l l e s s cu l t u r e , 
lAA (10~%) and thiamine (4x10~^M) inh ib i ted root and shoot 
growth in 10 days old pea s eed l ings . Of the two/thiamine was 
more inh ib i to ry than lAA; but the two, when used toge ther , 
exhibi ted synergism. During the f i r s t e igh t hours, root 
r e s p i r a t i o n ' was inh ib i ted by thiamine and/or lAA. However, a t 
l a t e r s t ages , i t was st imulated by lAA but inh ib i t ed by 
thiamine and by lAA. + thiamine, compared with t h a t of the con t ro l , 
Dimitrova-Russeva and Lilova (1969) cul tured Mentha 
pipe ra ta p l an t s in sand and s o i l , supplemented with vitamin B^, 
Bg and n i c o t i n i c ac id , through the n u t r i e n t s o l u t i o n . The 
vi tamin, genera l ly s t imulated n i t rogen and phosphorus uptake. 
The phosphorus uptake in the p lan t s supplied once with n i c o t i n i c 
acid was comparable with those which received vi tamin B^  and Bg 
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twice. In add i t ion , they noted t h a t the y ie ld of e s s e n t i a l o i l 
was equal ly affected in the p lan t s which received e i t h e r a 
s ingle dose of n i c o t i n i c acid o r a double dose of thiamine, 
Pyridoxine t reatment , however, decreased the o i l y i e l d . 
Galzy (1969) observed t h a t leafy cu t t i ngs of V i t i s 
r u p e s t r i s required B-group vitamins in the cu l tu re medium 
for b e t t e r root ing a t 20°G, However, a t 35°C they proved 
e s s e n t i a l for the growth of both root and shoot , 
Zavenyagina and Bukin (1969) supplied a number of chemical 
antagonis ts of vi tamin Bg to the germinating seeds of pea and 
wheat maintained in water c u l t u r e . At a concent ra t ion of 
10 M^ to 10 -^ M, the antagonis t s suppressed germination and 
growth of root and shoot in both the c u l t i v a r s . Six days old 
wheat seedl ings developed B^-avitaminosis ( i . e , reduct ion in 
the contents of chlorophyl l , 3-carotene in the leaves , 
cytochrome b in the roots and growth l ag) which could, however, 
be cured by the add i t ion of pyr idoxine. Vitamin Bg a l so 
s t imulated growth of normal wheat and pea seedl ings and the 
leaves possessed more chlorophyl l , 
Rao (1973) reported an increase in chlorophyl l content , 
r e s p i r a t i o n and p ro te in synthes is i n 5 and 6 day old seedl ings 
of Phaseolus r ad ia tus grown in a r i bo f l av in r ich medium. 
Riboflavin pa r t i c i pa t ed in r e s p i r a t i o n as a coenzyme of 
f l avopro te ins . In cont inuat ion of these observa t ions , Rao 
e t a l . (1974) fed a 10 ppm so lu t ion of b i o t i n , pyridoxine, 
n iac in and thiamine to the roots of Phaseolus r a d i a t u s . The 
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t reatment enhanced growth of the seedl ings and succin ic 
dehydrogenase a c t i v i t y of the shoot on day four. This was 
followed by an increase in the ra te of r e s p i r a t i o n and p ro te in 
content of the seedl ings on the f i f th day. 
Peichl and Trojan (1975) dipped leafy cu t t i ngs of 
Medleago sa t iva in 0, 25, 50, 75, 100 o r 250 ppm so lu t ion of 
lAA and/or 0, 25, 50, 75 or 100 ppm so lu t ion of thiamine, 
t rans fe r red them to the nu t r i en t so lu t ion and allowed them 
to roo t . The bes t roo t ing was observed in 75 Ppm lAA + thiamine, 
i r r e spec t i ve of i t s concent ra t ion . 
Pandev (1979) cul tured wheat seedl ings in sand with 
four l eve l s of n i t rogen supplied with the n u t r i e n t so lu t ion 
and estimated ni t rogen content in the p lan ts a t d i f f e r en t 
s tages of grov/th. Since the emergence of the seed l ings , 
n i t rogen uptake increased upto heading but decreased t h e r e a f t e r . 
The p a t t e r n of n i t rogen uptake by p lan t s a t d i f f e r en t vegeta t ive 
s tages of growth, remained unaffected by the l eve l of n i t rogen 
in the so lu t ion ; but t o t a l n i t rogen increased . He, fu r ther 
reported t h a t the incorporat ion of vi tamin B^  and lAA, in the 
so lu t ion , during the period of reduced ni t rogen uptake 
(flowering) r e su l t ed in an increase in n i t rogen uptake, dry 
matter accumulation and grain y i e l d , a t ha rves t , 
Rao and Reddy (1985) observed tha t pyridoxine, 
pantothenic acid and n i c o t i n i c acid s i g n i f i c a n t l y enhanced 
phosphorus and potassium uptake in Vi^na rad ia ta seed l ings . 
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whereas, thiamine, r ibof lav in and b i o t i n were l e s s e f f e c t i v e , 
Ahmad and Andersen (1988) fed a known quant i ty of 
thiamine, pyridoxine, indo le -3 -ace t i c ac id (lAA) and/or indo le -
3-butyr ic ac id (IBA) to leafy cu t t ings of Pisum sativum a t 0, 24, 
48, 72 o r 96 h a f t e r exc i s ion . The cu t t ings gave a favourable 
response to the vi tamins , in terms of root production, i f they 
were fed a f t e r a delay of 24 h. Treat ing the cu t t i ngs a t 0 h 
with 10~^M lAA o r IBA followed by feeding in e i t h e r of the 
vitamins a lso enhanced rooting and length of root and shoot 
i r r e s p e c t i v e of the time l apse , 
2 .4 .3 Seed t reatment with vitamins 
Seeds are normally equipped with enough reserves of 
growth r egu la to r s , vi tamins and food to s u s t a i n normal healthy 
growth of the seedl ings u n t i l they a t t a i n s e l f - s u f f i c i e n c y . 
However, c e r t a i n physiological imbalances in new v a r i e t i e s 
during seed formation or s torage lead to a poor l eve l of these 
substances , Pre-sowing seed treatment with d i l u t e aqueous 
so lu t ion of vitamins or hormones may, therefore , be used as a 
too l to. achieve b e t t e r seed germination followed by healthy 
growth of the p l a n t s . 
Noggle and Vi^ nd (1943) noted some problem in the 
germination of the seeds of Catt leya t r i a n a e , an orchid. They 
therefore , allowed these seeds to germinate on a medium r i ch 
in v i tamins . They reported t h a t the addi t ion of r ibof lav in or 
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n i c o t i n i c acid not only Increased the per cent seed germination 
but a l so s t imulated the subsequent growth of seed l ings , with 
n i c o t i n i c acid proving b e t t e r than r i bo f l av in . Pyridoxine, 
however, enhanced only seed germination. Other vitamins i . e . 
thiamine, ascorbic acid and calcium pantothenate remained 
i n e f f e c t i v e . In a s imi l a r experiment, Mariat (194A) germinated 
the seeds of the same orchid in a j e l l i e d sugar Knop's so lu t ion 
supplemented with 2.6 mg 1 of vi tamin B^. He noted t h a t 
although germination was comparable in a l l the tubes a t three 
months stage about k2% of the seedl ings receiving vitamin B^ 
produced leaves aga ins t 3% in the con t ro l , 
l i j ima (1952) reported a na tu ra l loss of both free and 
e s t e r form of thiamine in bean, maize and rad ish seeds with 
age though vi tamin was, present in nonviable seeds . The 
vi tamin content of the seeds decreased as germination progressed 
i n dark. However, i t increased rapid ly in the presence of 
l i g h t . The free form of the vitamin was converted to i t s 
e s t e r s a t the subsequent s tages of seed germination and i t was 
the l a t t e r form in which i t appeared in the presence of l i g h t . 
In add i t ion , when the seeds of the above species were soaked 
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in 10 t o 10 '^  ppm so lu t ion of vitamin B^ for 2h h, the 
t reatment acce lera ted r e s p i r a t i o n r a t e , per cent germination 
and growth of plumule and r a d i c l e , e spec ia l ly a t ea r ly s tages 
of growth. The seeds soaked in 0,05 ppm so lu t ion of thiamine 
on germination developed cotyledons with 150-180% more thiamine 
reserves than the c o n t r o l . 
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Rao and Swamy (1966) soaked Phaseolus mun^o seeds in 
10 ppm so lu t ion of d i f f e ren t vitamins in dark for 24 h a t 
24+2°C, They reported tha t n i c o t i n i c acid, i n o s i t o l , r ibo f l av in 
and thiamine, but not pyridoxine, promoted growth of the 
r e s u l t i n g seedl ing on eighth day. FUrther, they found tha t 
thiamine'and r ibof lav in induced more l a t e r a l roots formation. 
I t was proposed tha t these two vitamins possessed auxin- l ike 
p roper t i es in the production of l a t e r a l root pr imordia. A 
s imi l a r bene f i c i a l response in r i c e , in terms of seed germination 
and seed y ie ld a t harvest , was noted by Aizikovick (1967) with 
pre-sowing seed treatment with vi tamin B^ and Bp, 
Gutmanis (1967) harvested peas with ^k% and 15?^  more 
seed y ie ld in the p lan t s grown from the seeds soaked in 
vitamin C (0,1%) and thiamine (0,01?&), respec t ive ly before 
sowing. The treatment a l so increased the vi tamin C and sugar 
contents of the seeds, 
Mel'Tser (1967) raised p lan t s of two v a r i e t i e s of 
wheat from seeds soaked in n i c o t i n i c acid (0,01%) before sowing 
them in the f i e l d . He noted tha t the v a r i e t y Krasnozemaya 
gave a pos i t i ve response to the vitamin a t e a r ly s tages of growth 
whereas, the other va r i e ty Remo expressed comparable e f fec t 
only a t l a t t e r s tages of growth. The treatment enhanced the 
number of f l o r e t s per s p i k e l e t , 
Ovcharov and Kulieva (1968) soaked cot ton seeds in 0,01% 
so lu t ion of pyridoxine or n i c o t i n i c acid and ra ised the seedlings 
in s o i l , supplemented with var ied sources of ni t rogen and 
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phosphorus. The t reatment , in genera l , increased the ra te of 
seedl ing emergence and the area of pr imary-leaf by two t o three 
t imes . The form of f e r t i l i s e r l a rge ly detjermined the eff icacy 
of pyridoxine which was not t rue for n i co t i n i c a c i d . Root 
length in the seed l ings , ra i sed from pyridoxine t r ea ted seeds, 
in the presence of ammonium sulphate was U9% more than the 
c o n t r o l . However, when i t was replaced by calcium n i t r a t e the 
root length decreased by 1496, The seedl ings ra ised from 
pyridoxine t r ea ted seeds had higher n i t rogen and phosphorus 
contents than the con t ro l and in t h i s regard, potassium 
dihydrogen orthophosphate proved more e f fec t ive than super-
phosphate, 
Genkel' (1970) soaked wheat seeds in var ied concentrat ions 
of n i c o t i n i c acid (0,005, 0,05 and 0,5%) and nicotinamide (0,05 
and 0.5%) for 20h before sown them in the f i e l d . This pre-sowing 
treatment with vitamins increased the grain y ie ld a t harves t , 
absolute weight of the seeds and t h e i r p ro te in l e v e l , 
Serebryakova (1971) reported t h a t Rosa cinnamomea seeds 
soaked in 0,01% n i c o t i n i c acid (PP) or 0,02% thiamine germinated 
3-A days e a r l i e r than the water-soaked, c o n t r o l . I t was 
followed by s t imulated ra te of seedl ing emergence, tfe a l so 
noted t h a t vi tamin C, in add i t ion to n i c o t i n i c acid and 
thiamine, enhanced the r a t e of growth and synthes is of ascorbic 
acid and improved the qua l i ty of p l a n t s . 
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Mikhailova (1974) reported t h a t barley p l a n t s , ra i sed 
from seeds t r ea t ed with n i c o t i n i c ac id , p r i o r to sowing, 
showed acce le ra ted r a t e of growth and b e t t e r tolerance to 
f looding. S imi lar ly , cot ton p lan t s ra i sed from seeds soaked 
in a so lu t ion of n i c o t i n i c acid before sowing had b e t t e r growth, 
exhibi ted a higher ra te of n i t rogen and phosphorus uptake and 
produced more bo l l s p l an t (Polyanskaya and Kuvadov, 1974). 
Two v a r i e t i e s of Capsicum a l so gave a favourable response 
in terms of seed germination, improved seedl ing vigour and 
qua l i ty of the crop when t h e i r seeds were t r e a t e d with B-group 
vitamins p r i o r to sowing in the f ie ld (Sinkovics, 1974), 
Radzevicius and Bluzmanas (1975) grew tomato p lan t s in 
the s o i l and so lu t ion from seeds pre-soaked in thiamine and 
n i c o t i n i c acid s o l u t i o n . These p lan t s had higher chlorophyll 
and nscorbic acid contenLs nnd produced ?.'!>,V% to t>0,?% more 
f r u i t s than the c o n t r o l . In so lu t ion c u l t u r e , root growth and 
i t s adsorbing surface was increased by A8-52%, over the c o n t r o l , 
Kalieva e_t a l , (1976) soaked the seeds of melon and 
watermelon in 0,01 to 0,000,19^ so lu t ion of thiamine, pyridoxine, 
n i c o t i n i c ac id , cyanocobalamine and ascorbic a c i d . These 
seeds were allowed to grow in the f i e l d . The t reatment 
enhanced root and shoot growth of the seedl ings and increased 
the number and weight of the f r u i t s . Seed treatment with 
thiamine (0,00196) or n i c o t i n i c acid (0,000196) proved b e s t . 
Reda et_ al_, (1977) s tudied the growth and f r u i t chromone 
content of Ammi visnaga in response to thiamine or ascorbic acid 
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-1 fed through the seeds or l eaves , a t a ra te of 50 and 100 mg 1 
The t reatment not only enhanced root , stem, leaf , umbel and 
f r u i t growth but a lso chromone y ie ld in the f r u i t . Whereas, 
thiamine was equal ly e f fec t ive i r r e spec t ive of i t s way of 
app l i ca t ion , in the case of vi tamin C, seed treatment was more 
ef fec t ive than f o l i a r spray. 
Serebryakova and Kalanova (1977) reported t h a t pre-sowing 
treatment of Rosa cinnamomea seeds with n i c o t i n i c acid (PP) 
and vitamin B^, Bp and C st imulated germination by 43%, 51%, 
30% and 30%, respec t ive ly over the c o n t r o l . The r e s u l t i n g 
seedlings were vigorous and had b e t t e r q u a l i t y . Treatment with 
vitamin B^, Bp and PP increased ascorbic acid content of the 
seedl ings by 50%, 25% and 25%, r e spec t ive ly . In add i t ion , they 
observed tha t the stem cu t t ings t r ea ted with vi tamin B^ and PP 
developed more r o o t s . 
Raza (1978) s tudied the e f fec t of p lan t growth regula tors 
and vitamins on the germination of old wheat seeds . The seeds 
were soaked in the so lu t ion of a-NAA (100 ppm), pyridoxine 
(1000 ppm), ascorb ic acid (lOOO ppm), fo l i c acid (500 ppm) and 
GA (10 ppm) for 24 h. The treatment promoted seed germination. 
Folic ac id proved best where 90% germination was recorded, 
Afr idi e_t a l . (l979) soaked barley seeds in var ied 
concentrat ions of pyridoxine (O, 0 . 1 , 0,3 and 0.5%) for 24 h 
and raised the p lan t s in sand c u l t u r e . They reported t h a t most 
of the root and shoot c h a r a c t e r i s t i c s and t h e i r p ro te in and 
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carbohydrate contents , s tudied a t 50d s tage , were favourably-
affected by the t rea tment . These p l a n t s , a t harves t , yielded 
more seeds with improved q u a l i t y . The two higher concentrat ions 
of pyridoxine, i . e . 0,3 and 0,5%, proved bes t for most of the 
c h a r a c t e r i s t i c s s tud ied . With the same scheme of t reatment , 
t h i s experiment was taken to the f i e ld with the add i t ion of more 
bar ley v a r i e t i e s (Ahmad e^ a l . , 1981). They noted t h a t the 
treatment s i g n i f i c a n t l y enhanced t i l l e r number, l ea f number, 
shoot length, fresh and dry weights a t a l l the three important 
s tages of growth ( i . e . t i l l e r i n g , heading and milky seed ) . 
They fur ther suggested the adoption of t h i s technique of 
pre- t rea tment of barley seeds with 0,196 pyridoxine so lu t ion 
before sowing as a simple and economical measure to have a r i ch 
seed and straw harvest (Ahmad e t a l , , 1982). 
Rao ejb a l , (1981) s tudied the e f fec t of elevated 
temperature and i t s i n t e r a c t i o n with B-vitamins on a-amylase 
a c t i v i t y and growth of tomato (Lycopersicum esculentum L, ) 
seed l ings . Tomato seeds were soaked in 10 and 20 ppm so lu t ion 
of r ibof lav in and n i a c i n . The a-amylase a c t i v i t y in germinating 
seeds was s tudied every ^8 h upto day 12. I t was observed t h a t 
e levated temperature increased root growth, as on day s ix i t 
was 3.76 cm compared with 0.84 cm in cont ro l s eed l ings . 
Further, i t was noted tha t higher concentra t ion of r ibof lav in 
and n iac in (20 ppm) was more e f fec t ive in t h i s regard . Therefore, 
they concluded t h a t both the vitamins are required for the 
shoot and roo t growth. The e f f ec t on shoot growth was more 
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prominent compared to t h a t of r o o t . As regards the a-amylase 
a c t i v i t y in s h o o t , i t was hi{^her a t PO ppm of r ibof lav in as 
compared to r oo t . I t may be s t ressed here from t h e i r study 
t h a t both n iac in and r ibof lav in could reverse an inh ib i to ry 
e f f ec t of e levated temperature on a-amylase a c t i v i t y . 
Kodandaramaiah and Rao (1984b) soaked surface s t e r i l i s e d 
seeds of Vigna rad ia ta in var ied concentrat ions of B-vitamins 
(thiamine, r i bo f l av in , pantothenic ac id , pyridoxine, n iac in 
and fo l i c ac id ) and a n t i b i o t i c s ( p e n i c i l l i n and t e t r a c y c l i n e ) 
ind iv idua l ly and in combinations of vitamins and a n t i b i o t i c s 
for 24h in dark a t 28+2°C, The treatment with vitamins 
s i g n i f i c a n t l y enhanced the ra t e of photosynthesis , photochemical 
r eac t ions , p ro te in , chlorophyll and dry weight of the r e s u l t i n g 
seed l ings . Photosynthesis inh ib i t ed by t e t r acyc l ine was 
e f fec t ive ly reversed by the v i tamins . The i n t e r a c t i o n e f fec t 
of p e n c l l l i n with vitamins was s y n e r g i s t i c . Niacin and 
pyridoxine were most e f fec t ive in increasing photosynthetic 
ef f ic iency of the l eaves . They a l so proposed t h a t these vitamins 
can ac t as potent a c t i v a t e r s of e l ec t ron t r a n s p o r t . 
Rao and Sudarsanam (1984) germinated the seeds of 
Phaseolus rad ia tus in d i s t i l l e d water a t normal temperature 
(28+2°C) for 24h. Germinated seeds were allowed to stand for 
18h a t an elevated temperature, 40°C. The seedl ings were 
then fed with r ibof lav in (10 mg 1 ) and thiamine (20 mg 1 ) 
for 24h and allowed to grow in d i s t i l l e d water for the r e s t 
of the experimental period a t 28 C. They observed t h a t 
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temperature and vitamin-induced changes in root e longat ion 
were c lose ly associa ted with changes in non-reducing sugar 
content in p a r t i c u l a r . The dif ferences in sugar content were 
noted to be p a r t l y associa ted with amylase a c t i v i t y of the 
roo t and shoot, 
Ashfaq et^ al.. (1983) soaked the seeds of t r i t i c a l e , 
v a r i e t y " Bronco" , in var ied concentrat ions of pyridoxine 
so lu t ion for 12 h, before sowing them in the f i e l d . They noted 
t h a t the ' seeds t r ea ted with pyridoxine exhibi ted high ra te of 
germination. The r e su l t i ng p l a n t s a t maturi ty yielded more 
seeds than the con t ro l , due to an improvement in the y ie ld 
a t t r i b u t e s . In t h i s t r i a l , 0,2% pyridoxine so lu t ion proved 
b e s t , a s , i t r esu l ted in 37.7% more seed production than tha t of 
the p lan t s ra i sed from water-soaked seeds . 
A s imi la r benef ic ia l e f f ec t of soaking Phaseolus rad ia tus 
seeds in graded l eve l s of pyridoxine so lu t ion was noted by Khan 
and Ansari (1984). The treatment increased the number of roots 
- - I plan t and favourably affected most of the growth parameters 
of the shoot in 10 days old seedl ings ra ised in sand, 
Afr idi e^ a l . (1985) performed a f ie ld experiment on 
summer mung (Vigna r a d i a t a ) , the seeds were t r e a t e d with 0,1 to 
0,5% aqueous pyridoxine so lu t ion before sowing. The treatment 
r e su l t ed in increased lea f n i t rogen content of the seedl ings 
a t 20, 30, 40 and 50 days s t ages , and enhanced seed y ie ld and 
seed p ro te in content a t harves t . Seed y ie ld and i t s p ro te in 
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leveils were s i g n i f i c a n t l y cor re la ted with l ea f -n i t rogen a t four 
of five growth s t a g e s . With the same crop and scheme of 
t rea tment , Ansari and Khan (1986) observed an enhancement in 
fresh and dry weights, p l an t height , l eaf number p l an t , NAR 
a t 30, 40 and 50 days stage of growth and pod number p l an t , 
—^ pod length, seed number pod and seed y i e l d . Treatment with 
0,3% pyridoxine proved b e s t . In addi t ion , seed y i e l d -was noted 
to be pos i t i ve ly cor re la ted with fresh weight a t 30 and 40 days, 
seed p ro te in with fresh weight, dry weight and NAR a t 40 and 
50 days and p lan t length a t 30, 40 and 50 days s t a g e s , 
Ahmad e_t a l , (1985a) analysed the seeds obtained in 
t h e i r previous experiment (Ahmad e t a l . , 1981), They reported 
t h a t pyridoxine treatment enhanced 1,000 seed weight and seed 
p ro te in percentage. In a s i m i l a r t r i a l conducted in the f i e ld , 
Ahmad ejt al_. (I986b) observed t h a t pre-sowing treatment of 
bar ley seeds with graded concentrat ions of pyridoxine (0,02, 0,1 
and 0,y^) improved the y ie ld c h a r a c t e r i s t i c s ( e . g . ear number 
-1 -1 
and ear weight p lan t , seed number ear and seed and straw 
y i e l d ) a t harves t . The treatment with 0,^% pyridoxine so lu t ion 
proved bes t , 
Ansari e t al^, (1987) soaked the seeds of Lens c u l i n a r i s 
in graded concentra t ions of pyridoxine (0.1 to 0,59^) for 12 h 
before sowing in the f i e l d . They noted t h a t the treatment 
enhanced shoot and root length, root nodule number, leaf number, 
fresh weight and dry weight a t 50, 90 and 120 days a f t e r sowing. 
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Khan and Samiullah (1988) soaked the seeds of Lens 
c u l l n a r l s in d i f f e r en t concentrat ions of pyrldoxine before 
sowing them in the f ie ld with four l eve l s of phosphorus (15, 
30, 45 and 60 kg h a " ' ) . Soaking the seeds in 0,2!?< pyridoxine 
so lu t ion and app l i ca t ion of 30 kg phosphorus ha ensured r ich 
harvest of good qual i ty seeds . 
I-laque e t al^. (1988), in a prel iminary t r i a l on some 
t r i t i c a l e s , observed tha t pre-sowing seed soaking with d i l u t e 
so lu t ions of thiamine, pyridoxine and ascorbic ac id for 8h, 
enhanced the a-amylase a c t i v i t y in the germinating seeds and 
led to t h e i r improved germination. In genera l , a l l the vitamins 
were e f fec t ive in t h i s regards but thiamine e l i c i t e d the optimum 
response and vi tamin C, the minimum. Among the three 
concentrat ions t r i e d , 0.1?^ of thiamine and pyridoxine proved 
e f fec t ive aga ins t the check. 
2,^,4 Response of plants to B-vltamins applied to the leaves 
A major por t ion of the B-vitamins in the p lan t s i s 
normally synthesised in the leaves (Bonner and Greene, 1938) 
from where i t i s exported upwards and down wards through the 
phloem (Bonner, 1942). B-vitamins, being water -so luble , are 
read i ly absorbed when applied exogenously to the shoot . The 
applied quant i ty of the vitamins i s subsequently t ranspor ted 
to the sink or metabolised a t s i t e . 
l i j ima (1955) sprayed thiamine so lu t ion on the leaves 
of sweetpotato. The treatment enhanced weight of leaves and 
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stem, number and length of the roots and increased the percentage 
of large storage roots. The spray was more effective in the 
first half rather than second half of the growing season, 2 ml 
of 1 ppm solution applied plant at an interval of 10 days 
proved best, 
Cajlahjan (1956) reported that vitamin B^, out of a 
number of vitamins tested, applied by vaccuum-infiltration or 
spraying promoted flowering in Perilia and Zea mays. 
lijima (I956a,b) sprayed thiamine solution ( 1 ppm and 
100 ppm) on the leaves of potato, sweetpotato and kidney bean. 
He observed that the respiration of treated leaves and roots 
increased and the respiratory quotient of the leaves was about 
unity. He, therefore, suggested an active role of thiamine in 
promoting decomposition of carbohydrates in the foliage. 
Carbohydrate content and carbon/nitrogen ratio is stem, leaves 
and roots increased. It was, therefore, proposed that the 
treatment promoted root growth and flower bud differentiation 
by shortening the growth period. In addition to this he 
reported.that the treatment increased the rate of photosynthesis 
in kidney beans and cabbage (lljima, 1957a), Hs also found 
that thiamine was more stable when applied with acidic chemicals 
(e,g, urea) and yield responses under such conditions were 
better than with alkaline chemicals (lijima 1957b), 
Boukin (1958) observed an increase in the growth rate 
of bean, tobacco, tomato and mulberry plants supplied with 
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0.001% so lu t ion of thiamine through the l eaves . A s imi l a r 
t reatment of c a r r o t seedl ings increased lea f growth and root 
y i e l d by about 50i)6, 
Langridge and Brock ( l 96 l ) supplied 2% so lu t ion of 
thiamine or pyridoxine with or without pyrimidine and th iazole 
(precursors of thiamine) to the leaves of an a lb ino tomato 
mutant which lacked chlorophyl l , but possessed normal ch loroplas t s , 
They observed t h a t the p lan t s sprayed with thiamine and/or 
pyrimidine res tored the resemblance of the mutant to the wild 
type with normal flowering and seed product ion. Thiazole 
spray, however, went without e f f ec t , therefore , suggesting t h a t 
the synthesis and the coupling reac t ions of pyrimidine were 
possibly lacked by the mutant, 
I^drev and Pavlov (1965) were able to res to re the losses 
of seed y ie ld by the f o l i a r app l i ca t ion of d i l u t e so lu t ion of 
pyridoxine to wheat p lan t s flooded a t t i l l e r i n g , shooting or 
heading s tages of growth. They, therefore , infer red t h a t 
pyridoxine treatment might have induced normalisat ion of 
n i t rogen metabolism in p l a n t s , p e r t i c u l a r l y when the injury 
due to flood was not very severe . 
Artamonov (1965) reported an tagon i s t i c e f f ec t of 
g i b b e r e l l i c acid and vitamin Bp on chlorophyl l synthes is in 
sugar bee t . Rj l ia r applied g i b b e r e l l i c ac id {20 mg 1 ) 
inh ib i t ed chlorophyl l synthes is and acce lera ted i t s decomposition, 
presumably through a decline in p ro te in l e v e l . The spray of 
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50 mg 1 of vi tamin Bp on the p lan t s already t r ea ted with GA 
not only averted the i l l e f fec t but these p lan t s had more 
chlorophyll content than the con t ro l , 
Galachalova et_ a l . (1967) analysed the seeds of two 
c u l t i v a r s of wheat and noted t h a t seeds obtained from plan ts 
cu l t iva ted in the northern p a r t of Nosibrisk province of USSR 
were poorer in thiamine reserves than tiaose of p l an t s cu l t iva t ed 
in the southern p a r t . They fur ther observed t h a t the produc t iv i ty 
and qua l i ty of the seeds, cu l t i va t ed in the nor thern region, 
was improved by exogenous app l i ca t i on of thiamine fed e i t h e r 
through the seeds or l eaves . 
Mileva (1969) applied d i l u t e so lu t ions (0.01%) of 
vitamin C, B^  and n i c o t i n i c acid to the leaves of cot ton p l an t 
a t two stages of growth (flowering and b o l l formation), in 
add i t ion to pre-sowing seed t rea tment . Al l the vitamin 
treatments enhanced ca ta lase a c t i v i t y and dry mat ter production 
in the leaves . However, the pigment content of the leaves gave 
minimum response. 
Popova e_t a l . (1971 ) sprayed d i l u t e so lu t ions of 
thiamine, r ibo f l av in , pyridoxine or n i c o t i n i c acid on the 
p i s t i l s of Capsicum annuum j u s t a f t e r p o l l i n a t i o n . Treatment 
s i g n i f i c a n t l y st imulated f r u i t s e t t i n g and increased the 
number of seeds per f r u i t . These seeds on germination produced 
p lan t s with a shor t e r growth period and increased p lan t he igh t . 
However, r i bo f l av in fa i led to induce e a r l i n e s s . 
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£l-Kholy and Saleh (1980) sprayed an aqueous so lu t ion 
of e i t h e r thiamine or ascorbic acid a t concentra t ions ranging 
from 25 to 150 ppm on Matr icar ia chamomilla seedl ings a t 30 and 
45 days a f t e r t h e i r t r ansp l an t a t i on in p o t s . Treatment with 
150 ppm so lu t ion of vitamin 13^  or G enhanced the production 
of heads per p l an t by A7.2?^ and 46.69^, in the f i r s t growing 
season, and 14.4% and 44.196, in the second growing season, 
r e s p e c t i v e l y . The percentage of both e s s e n t i a l o i l and 
chamazulene in the p lan t remained unaffected by the t rea tment . 
However, as compared with the con t ro l , the t r e a t e d p lan t s had 
more e s s e n t i a l o i l and chamazulene on an average . 
Kodandaramaiah and Rao (1984a) s tudied the r a t e of 
carbon f ixa t ion in the ch lorop las t s of Cyamposis tetragonoloba 
t r ea ted with higher concentrat ions of thiamine, r ibo f l av in , 
n i ac in , pyridoxine, pantothenic acid and f o l i c a c i d . They 
reported t h a t the ch lorop las t s e i t h e r i so la t ed from the leaves 
a f t e r receiving f o l i a r spray of the vitamins or incubated in 
the so lu t ion of the vitamins exhibi ted high photosynthet ic 
—1 
carbon f i x a t i o n . 5 rag 1 of the vitamin in general was found 
to be optimal in enhancing the r a t e of photosynthesis in 
i so la ted ch lorop las t s iri v i t r o . 
Samiullah et_ al,. (1985) applied pyridoxine (0.025 to 
0.2%) t o ' t h e seeds before sowing or sprayed i t on the standing 
crop of f i e ld grown Vigna rad ia ta a t 35 days (pre-flowering) 
or 45 days(post-f lowering) a f t e r sowing. The treatment (0.2%) 
s i g n i f i c a n t l y increased leaf-NR a c t i v i t y and produced more seeds 
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a t harvest, Leaf-NRA levels , were noted to be significantly 
correlated with seed yie ld . They, therefore, suggested that 
the NRA level in the leaves, in response to pyridoxine 
application, a t early stages of growth may be used for predicting 
crop productivity and for adopting cori^ctive measures, 
2,5 Conclusion 
I t i s evident from a c r i t i c a l examination of the 
l i t e ra tu re considered above, that no much in-depth work has been 
done on the response of higher plants to exogenous application 
of vitamins, par t icular ly pyridoxine. Information regarding 
the role of pyridoxine in the i n i t i a l processes leading to seed 
germination is completely lacking. I t was, therefore, considered 
desirable to undertake a detailed study of the effect of 
pre-sowing seed treatment with pyridoxine to assess the early 
changes induced in the germination process and the result ing 
seedlings under controlled conditions. The plants so produced 
were allowed to grow to maturity to study some of the 
character is t ics responsible for the i r biological y ie ld . Tr i t ica le 
was selected as the t e s t plant as i t has germination problems in 
the f ie ld . I t was expected that solving this problem would help 
improve i t s per cent germination and thereby final yield . 
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CHAPTER 3 
MATERIALS AND METHODS 
In a l l , four experiments have been reported and discussed 
in t h i s t h e s i s . Two newly evolved v a r i e t i e s of t r i t i c a l e namely, 
Tigre " S" (V-j) and Muskox " S ' * (Vp) were se lec ted as t e s t c rop . 
In the f i r s t experiment, the seeds of both the v a r i e t i e s were 
chemically analysed before and a f t e r being soaked in graded 
concentrat ions of pyridoxine in the year 1985, Second and t h i r d 
experiments were conducted to explore the physiomorphological 
changes in the seedl ings ra ised from pyridoxine t r ea ted seeds 
in sand cu l tu re during the " r a b i " seasons of 1985-86, 1986-87, 
r e s p e c t i v e l y . In the fourth experiment, the seeds soaked in 
pyridoxine so lu t ion were sown in sand, during the season of 
1987-68, to assess the e f fec t of the treatment on the seed and 
b io log i ca l y i e l d , a t harves t , 
3.1 Seeds 
The seeds of both the v a r i e t i e s of t r i t i c a l e , used in 
the following experiments, were obtained from CIMMYT, Mexico 
and mul t ip l ied a t Aligarh, Before the s t a r t of each experiment 
the seeds were surface s t e r i l i s e d to remove tox ic substances 
adhering to t h e i r surface , with 0,019< so lu t ion of mercuric 
chlor ide for about 30 min. This was followed by r ins ing the 
seeds with d i s t i l l e d water, a t l e a s t t h r i c e . 
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3,2 Sand purif ication 
The coarse-sand was pur i f i ed following the method of 
Hewitt (1966). The major contaminants were removed by washing 
the sand in tap-water and then l e f t in hydrochloric acid ^8% 
for 24 h. fur ther leaching was done by pe rco la t ing tap-water 
upwards by means of a g lass tube taken to the bottom of the 
container and moved around from time to t ime. Final ly i t was 
washed with de- ionised water once. This sand was there fore , 
free from unwanted elements and most su i ted for the cu l tu re 
of the p l a n t s . 
3.3 Preparation of petriplates 
The seeds were germinated i n acid-washed sand contained 
in s t e r i l i s e d p e t r i p l a t e s in a B,0,D. incubator a t 20+2°C, 
D i s t i l l e d water was supplied to the sand as and when requi red . 
3 .4 Preparation of pots 
Each ear then pot before being f i l l e d with the sand was 
i n t e r n a l l y l ined with polythene s leeve , whose lower end was 
passed through the bottom hole of the pot and twisted loosely 
in order to ensure drainage and a e r a t i o n . The pots were then 
placed on ra ised marbled s labs e i t h e r in the glasshouse 
(Experiments 2 and 3) or in the net-house (Experiment 4 ) . 
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3 ,5 Soheme of the treatment 
Before the s t a r t of the present i nves t i ga t i on , a 
prel iminary t r i a l was conducted by soaking the seeds of t r i t i c a l e 
i n var ied concentrat ions of aqueous pyridoxine hydrochloride 
so lu t ion , ranging from 0.00001 to 0.19<. I t was observed t h a t 
out of the five concentrat ions t e s t ed only three proved to be 
e f f ec t i ve , p a r t i c u l a r l y in enhancing a-amylase a c t i v i t y in 
germinating seeds . I t was, there fore , decided to undertake 
fur ther s tud ies with these three l eve l s of pyridoxine (Table 1) 
in which the seeds were soaked for 8 and/or 12 h . 
Table 1, Scheme of the treatment used for Experiments 1-4 • 
S.No, 
1. 
2 . 
3 . 
4 . 
3 .6 
Treatments 
^1 
^2 
h 
TA 
Nutrient so lu t ion 
Per cent pyridoxine so lu t ion 
0.00 (water-soaked, con t ro l ) 
0,001 
0.01 
0,1 
The composition of the complete n u t r i e n t so lu t ion was 
s imi l a r to t h a t used a t Long Ashton Research S ta t ion , B r i s t o l 
(Hewitt, 1966). The AR grade chemicals were obtained from 
B.D.H. The stock so lu t ion (Table 2a) was d i lu ted (Table 2b) 
for watering the p l a n t s . 
A8 
Table 2a. Concentration of the standard stock solution. 
Mac ronu trie nts Percentage 
Ca(N0,)2 (anhydrous) 32,8 
KNO^ 20 .2 
MgS0^.7H20 1 8 . ^ 
NaHgPO^.aHgO 20 .8 
PeG5.H^0^.3H20 (Eferric c i t r a t e ) 05 .98 
MnS0^.4H20 2 .230 
CuSO^.SHgO 0.250 
ZnSO^.yH^O 0.290 
H3BO3 1.860 
(NH4)gM0^02^.4t^0 0.088 
49 
Table 2 b . N u t r i e n t s o l u t i o n usedi 
S tandard s t o c k s o l u t i o n 
C&im^)^ (anhydrous) 
KNO3 
MgSO^.TH^O 
NaH2P0^.2H20 
pfe r r i c - c i t r a t e 
M i c r o n u t r i e n t s 
Volume of n u t r i e n t s o l u t i o n 
(ml l i t r e ~ ^ ) 
2 . 0 
2 . 0 
2 . 0 
1.0 
0 . 5 
0 .1 
De- ion ised wa te r 992 .4 
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3»7 Experiment 1 
This experiment was ca r r i ed out in two phases , 
(A) The dry seeds of both the v a r i e t i e s of t r i t i c a l e 
were subjected to chemical ana lys i s for assess ing 
the leve ls of pyridoxine, carbohydrates and 
p r o t e i n s . 
( B ) Surface s t e r i l i s e d seeds of both the v a r i e t i e s of 
t r i t i c a l e were soaked in water or graded concentrat ions 
of pyridoxine so lu t ion (Table 1) for 8 h (D^ ) and 
12 h (D2). These pre-soaked seeds were then allowed 
to' germinate in moist , acid-washed sand contained in 
s t e r i l i s e d p e t r i p l a t e s kept i n a B.O.D, incubator in 
the dark a t 20+2°C. These germinating seeds were 
sampled a t an i n t e r v a l of 6 h upto the emergence of 
the r ad ic le and washed with d i s t i l l e d water to remove 
the adhering sand, and chemically analysed for : 
( i ) Soluble and insoluble carbohydrate contents 
( i i ) Soluble and insoluble p ro te in contents 
( i i i ) Pyridoxine content 
( iv ) Catalase a c t i v i t y 
(v) a-amylase a c t i v i t y 
3»8. Experiment 2 
This experiment was performed in sand cu l tu re during 
1985-86, •• r a b i " season (winter) with the same two v a r i e t i e s 
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of t r i t i c a l e (Experiment 1) in a g lass-house . The seeds were 
soaked in water or var ied concentrat ions of pyridoxine (Table 1) 
preferably for 8 h, among the two durat ions t e s t ed in 
Experiment 1, as i t proved to be more e f f e c t i v e . Six p r e -
soaked seeds from each treatment were sown a t a depth of about 
2 cm in each pot (6 " s i z e ) f i l l e d wibh acid-washed sand. In 
a l l , 160 pots were used t o r a i s e the seedl ings of each v a r i e t y , 
thus , included 40 pots per t rea tment , 100 ml of f u l l n u t r i e n t 
so lu t ion (Table 2b) was provided to a l l the po t s , every day in 
the morning. Thinning was done on the emergence of the seed l ings , 
-1 leaving only three healthy p lan t s pot • This ensured b e t t e r 
p lan t growth without competit ion a t the same time f a c i l i t a t e d 
the sampling of i n t a c t r o o t s . Eight pots from each treatment 
were take'n out randomly from day 5 to 13 a t an i n t e r v a l of 
48 h. The p lan t s were sampled with e n t i r e mass of roo t s , as 
described on page 54 . Al l the 24 p lan t s represen t ing each 
treatment were then randomly divided into three groups, of 8 
p l an t s each, to represent the number of r e p l i c a t e s . The shoot 
and root of each p l an t was analysed for growth c h a r a c t e r i s t i c s 
(page 54 ) , The shoot was a l so subjected to chemical ana lys i s 
for the following: 
( i ) Soluble and insoluble carbohydrate contents 
( i i ) Soluble and insoluble p ro te in contents 
( i i i ) Pyridoxine content 
( iv ) Ni t ra t e reductase a c t i v i t y 
(v) Gatalase a c t i v i t y 
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(v i ) Total chlorophyl l content 
( v l i ) Nitrogen, phosphorus and potassium contents 
3.9 flxDerimanii 3 
The observat ions recorded in Experiment 2 compelled 
me to extend the s tud ies fur ther from day 15 onwards to 
include the o the r subsequent s tages of p lan t growth. Total 
dura t ion of t h i s experiment was 30 days and was performed 
during the season of 1986-87. The crop, pot s i ze and t h e i r 
number, scheme of the t reatment , number of r e p l i c a t e s , th inning 
and other condi t ions for r a i s i n g and sampling the seedl ings 
remained the same as in Experiment 2 . fiowever, there were few 
exceptions (a) the quant i ty of the n u t r i e n t so lu t ion (Table 2b) 
added to each pot , was increased from 100 ml to 200 ml ( i . e . 
100 ml in the morning and an equal amount in the evening), 
(b) 10 pots were randomly taken out from each t reatment from 
day 15 to 50 a t an i n t e r v a l of 5 days to study root and shoot 
growth c h a r a c t e r i s t i c s (page 54 ) . These shoot samples were 
a l so analysed chemically for : 
( i ) Soluble and insoluble carbohydrate contents 
(ii) Soluble and insoluble protein contents 
(ill) Pyridoxlne content 
(iv) Nitrate reductase activity 
(v) Catalase activity 
(vi) Total chlorophyll content 
(vii) Nitrogen, phosphorus and potassium contents 
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3.10 Experiment k 
This sand cu l tu re experiment was conducted in 1987-88 
season to study the e f fec t of pre-sowing seed treatment with 
pyridoxine on p lan t growth and seed and straw y i e l d , a t ha rves t . 
The crop and scheme of the treatment was same as in Experiment 2 . 
Six pre-soaked seeds were sown in each (23 cm diameter) pot 
f i l l e d with acid-washed sand. Each pot was fed with 200 ml of 
f u l l n u t r i e n t so lu t ion (Table 2b) every day in the morning but 
the quant i ty was increased to 500 ml as the growth progressed. 
In add i t ion to t h i s 250 ml of de- ionised water was a l so added 
to each pot every day in the evening as the p l an t s mature. At 
two l ea f stage the p l an t s were thinned to a unifonn number of 
th ree pot" . The sampling was done a t 45, 60, 75, 90 and 105 
days a f t e r sowing (DAS) where,,at every sampling stage four pots 
from each treatment were taken out randomly. The p l an t s in 
the remaining five po ts , out of 25, per t reatment were allowed 
to grow to matur i ty with the same watering schedule . The 
procedure for sampling a t a l l the growth s tages was same as 
described in sec t ion 3 . 1 1 . 1 . At every s tage , a l l the twelve 
p lan t s from each treatment were grouped and randomly divided 
into three r e p l i c a t e s of four p l an t s each. The root and shoot 
of the p l an t was analysed separa te ly for growth c h a r a c t e r i s t i c s 
(page 54 ) and the leaves were chemically analysed for the 
con ten ts of n i t rogen , phosphorus, potassium, n i t r a t e and n i t r a t e 
reductase a c t i v i t y . Yield c h a r a c t e r i s t i c s were studied a t 
har*vest (page 55) . 
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3.11 Method of observat ion and ana lys i s 
Standard recommended procedures were used to assess the 
parameters of growth and y ie ld and the chemical ana lys i s of 
p lan t samples which are br ie f ly described belowx 
3.11.1 Sampling technique 
At a l l the samplings, root and shoot growth parameters 
yiere s tudied in I n t a c t p lan t s taken out of the pot with the 
sand contained in polythene sleeve and dipped in wa te r - f i l l ed 
bucket in order to get e n t i r e roo t system. The p lan t s were then 
washed in running tap-water to ensure the removal of adhering 
sand p a r t i c l e s . However, a t harves t , (Experiment 4) t h i s 
precaut ion was not required as only the dr ied shoot and ears were 
to be sampled. Fbr b io log ica l y i e ld , the e n t i r e shoots 
represent ing one r e p l i c a t e of each treatment were weighed 
separa te ly before th rash ing . Seed weight was subs t rac ted from 
the t o t a l y i e l d to obta in the straw y i e l d . Random seed samples 
were taken to obtfiin 1,000 seed weight, 
3.11.2 Growth assessment 
3.11.2..1 (a) Root 
Roots were assessed for the following growth parameters: 
( i ) Number p lan t"^ , (Experiments 2 and 3 only) 
( I I ) Mean length p lan t"^ , (Experiments 2 and ^ only) 
( I I I ) Fresh weight plant""'' 
( Iv) Dry weight plant" ' ' 
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The above character is t ics were l ikely to throw l ight 
on the different iat ion and so i l exploring capabi l i t ies of the 
root, 
3.11.2,2 (b) Shoot 
The following parameters studied a t various stages of 
growth in Experiments 2-4 were expected to be direct ly related 
with the fundamental physiological processes, as proposed by 
Gregory (1937). 
(1) Height plant"'' 
( i i ) Leaf number plant (Experiment 4 only) 
( i i i ) Leaf area plant" (Experiments 2 and 3) 
(iv) Fresh weight plant 
(v) Dry weight plant 
(vi) Net assimilation rate (NAR) (Experiment 4 only) 
These character is t ics wil l ref lect photosynthetic 
efficiency, rate of different iat ion and accumulation of 
metabolic products in the p lan t s . 
3.11.3 Yield assessment 
The plants which were allowed to grow to maturity in 
Experiment 4 were assessed for the following charac te r i s t i cs : 
( i ) Ear number plant"^ 
( i i ) Ear weight plant""" 
( i i i ) Length ear"''-
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( iv ) Sp ike le t number ea r " 
(v) Seed number e a r " 
(v i ) 1,000 seed weight 
( v i i ) Seed y i e ld pot""'' 
( v i i i ) Straw y ie ld pot""'' 
3 .11 .4 Net a s s imi l a t i on r a t e (NAR) 
I t was ca lcula ted following the method of Milthrope 
and Moorby (1979). 
(Wp - W. ) (In L, - In L.) 
NAR - —^ !— X s --!_ 
(tg - t^ ) (I^-L^ ) 
or NAR 
(Wg - W^) 2.303 ( logiol2 - l o g i o H ) 
where W ,^ L., W2, L2 represent dry weights and lea f areas a t 
time i n t e r v a l s t^ and t 2 . 
3,12 Chemical ana lys i s 
Pyridoxal phosphate, the ac t ive form of pyridoxine, i s 
involved as a co-enzyme in the synthes is of chlorophyl l 
(Devlin and Witham, 1986) through the induction of 
a-aminolevulinic acid synthetase (Kikuchi e t a l , , 1958) and 
as an e f fec t ive s t imula tor of photosynthet ic phosphorylation 
(Black and San P i e t r o , 1968). Pyrldoxine, t he re fo re , enhances 
net a s s imi l a t i on ra te and chlorophyl l content i n the p lan t 
(Kbdandaramaiah and Rao, 1984a,b). In turn , a de f in i t e 
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quan t i t a t i ve r e l a t i o n s h i p has been reported between chlorophyl l 
content and ca ta l a se a c t i v i t y (David, 1952). On the otherhand, 
the l eve l of n i t r a t e reductase a c t i v i t y ind ica t e s the r a t e of 
n i t r a t e u t i l i s a t i o n in the p lan ts because i t i s a ra te l imi t ing 
s t ep in the reduct ion of n i t r a t e to organic n i t rogen (Beevers 
and Hageman, 1969). 
5,12,1 'Pyridoxine es t imat ion 
I t was estimated according to the method of Hochberg 
e t a l . (I944a,b) which included the following s t e p s : 
3 .12 ,1 .1 Preparat ion of t e s t e x t r a c t 
1 g oven dried seed powder of the p l an t ma te r i a l was 
t ransfer red to a ca l ib ra t ed centr i fuge tube following the 
add i t ion of 10 ml of 4 N hydrochloric ac id . The t e s t tube was 
placed in a water-bath a t 90-95*^C for an hour with continued 
s t i r r i n g with a g lass rod. This f a c i l i t a t e d the hydrolysat lon 
of bound pyr idoxine . The so lu t ion was cooled to room 
temperature. The pH of the so lu t i on was then adjusted to 3 , 
with an outside ind ica to r , by the add i t ion of 1 N sodium 
hydroxide or hydrochloric acid s o l u t i o n . To t h i s t e s t tube 
3 ml of c i t r a t e buffer (pH 3) and 2 .5 g of PUl ler ' s ea r th 
(Lloyd's reagent) were added followed with repeated shakings 
for 5 min. The suspension was centrifuged and supernatant 
was d iscarded . The residue was washed with 15 ml of ac idula ted 
water, 5 ml of 2 N sodium hydroxide so lu t ion was added to the 
residue and the f ina l volume was made upto 20 ml with d i s t i l l e d 
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water . The supernatant was dispersed for about 3 min by 
frequent invers ions of the tube . The contents were then 
cent r l fuged . 10 ml of the e lu t e was taken in another tube to 
which 50 ml of isopropanol was added and the so lu t ion was 
cent r i fu^ed. The c l ea r supernatant , thus obtained, was 
decanted and i t s pH was adjusted to 5-7 with the add i t ion of 
an outs ide ind ica to r , using a few drops of 12 N hydrochloric 
ac id . 
3.12.1.2 Colour development 
The t e s t tubes were s e t i n the following order : 
Tube No. 1 6 ml of t e s t e x t r a c t + 2 ml of ammonia-ammonium 
chlor ide so lu t ion + 1 ml of bor ic acid so lu t ion (5%). 
Tube No. 2 6 ml of t e s t e x t r a c t + 2 ml of ammonia-ammonium 
chlor ide so lu t ion + 1 ml d i s t i l l e d water . 
Tube No. 3 6 ml of t e s t e x t r a c t + 2 ml of ammonia-ammonium 
chlor ide so lu t ion + 1 ml of standard pyridoxine so lu t ion 
(10 Mg). 
To a l l the above t e s t tubes 1 ml of chlorolmide reagent 
(Appendix - p . I ) was added. A blue colour developed in t e s t 
so lu t ion in tube No. 2 and 3 . The t ransmit tance was noted a t 
620 nm on a Bausch and Lomb " Spect ronic-20" co lo r imi te r 
adjusted for 10096 t ransmi t t ance . 
The values obtained were put in the following formula to 
ca l cu la t e the pyridoxine con ten t . 
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Lp 10 Mg 50 ml 18.5 1 , ^^ , -1 
'^ X - r X X X = ^ mole pyrldoxine g . L5-L2 6 ml 10 ml Wg 169 
whe r e , 
L2 represents op t i ca l densi ty due to pyridoxine in 
t e s t e x t r a c t (6 ml) , in tube No. 2 . 
L3-L2 represents increase in o p t i c a l densi ty due to 
added pyr idoxins , in tube No, 3 . 
Wg represents weight of the p lan t sample and 
^Q ^ ^Q*^ stands for d i l u t i o n f a c t o r . 
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3,12,2 Estimation of nitrate reductase ac t iv i ty 
Nit ra te reductase (E.G. 1 ,6 .6.1) a c t i v i t y (NRA) in the 
fresh samples was est imated according to the method of 
Jaworski (1971). Leaves or whole seedl ing were cut in to small 
p i eces , of which 500: mg were taken in a polythene v i a l 
containing 2.5 ml phosphate buffer (pH 7 .5) plus 0,5 ml of 
potassium n i t r a t e (0.2 M) and 2 .5 ml of 59^  i sopropanol . At 
l e a s t , two drops of chloramphenicol were a l so added to check 
the microbial growth in the medium. The v i a l was then incubated 
in an incubator a t 30°G for 2 h in the dark. 
3«12.2,1 Colour development 
In a t e s t tube, 0,4 ml of the t e s t e x t r a c t was taken to 
which 0.3 ml each of sulphanilaraide {^%) and 0.0296 naphtyl 
ethylene diamine dihydrochloric acid (NED-HCl) was added. This 
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so lu t ion was l e f t a t room temperature for 20 min for maximum 
colour development, t he rea f t e r , i t was d i lu ted to 5 ml with 
double d i s t i l l e d water. The colour i n t e n s i t y was read a t 
540 nm a t " Spectronic 20" color imeter , a lready ca l ib ra t ed 
for 1009^ transmit tance by using a blank cons is t ing of h,h ml 
of water and 0.3 ml each of sulphanilamide and NED-HCl. 
Potassium n i t r i t e in graded concentrat ions was used 
for p l o t t i n g standard curve. Opt ica l densi ty of the t e s t 
e x t r a c t was compared with the help of the ca l i b r a t ed curve 
and n i t r a t e reductase a c t i v i t y was ca lcula ted in terms of M 
mole NO2 per g. F.W.per h. 
3 ,12.3 Estimation of g-amylase a c t i v i t y 
a-amylase (E.G. 3 . 2 . 1 . 1 ) a c t i v i t y in the germinating 
seeds was determined following the method of Jones and Vamer 
(1967) which was modified in the l i g h t of Swanson (19A8). The 
d e t a i l s of the procedure used are as follows: 
3 ,12 .3 .1 Ext rac t ion 
Seeds of t r i t i c a l e were surface s t e r i l i s e d by 13^  
so lu t ion of sodium hypochlorite for 20 min followed by three 
washingsin s t e r i l e water . The s t e r i l i s e d seeds were imbibed 
on s t e r i l e sand (lOOg) in 10 cm p e t r i p l a t e s . 20 ml of s t e r i l e 
water was added to each p e t r i p l a t e and kept in a B.O.D. 
incubator a t 20+2 C. Such imbibed seeds (200 mg) were 
homogenised in 5 ml so lu t ion containing 0.5 ml CaGl2(0.29^) 
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and A.5 ml a c e t a t e buffer (pll 4 , 8 ) , t h i s so lu t ion was then 
centr ifuged a t 2,000 rpm for 10 min. Supernatant was co l l ec ted 
and used for the es t imat ion of a-amylase a c t i v i t y . 
3,12,3»2 Assay for g-amvlase a c t i v i t y 
1 ml of the supernatant was poured in to a p l a s t i c v i a l 
containing 4 ml of s tarch subs t r a t e (Appendix p . I I I ) . This 
r eac t ion mixture was incubated a t 40+2°C in a B.O.D, incubator 
for 30 min. 0.5 ml of the r eac t ion mixture and 5 ml of 0.03 N 
iodine reagent (Appendix p . I l l ) was p ipe t ted i n to a t e s t tube . 
The r eac t ion was stopped by the add i t ion of 4,5 ml of 0,5 M 
a c e t i c acid in to the tube. The o p t i c a l densi ty was read a t 
670 nm on a " Spectronic-20'* co lor imeter , A standard curve 
was p lo t ted using the graded concentrat ions of 0,259^ so lu t ion 
of s t a r c h . The enzyme a c t i v i t y was expressed as Mg maltose 
r e l eased .pe r mg seeds per min. 
3 ,12 ,4 Estimation of ca ta lase a c t i v i t y 
The method of Chance and Maehly (1956) was followed to 
ca l cu l a t e the a c t i v i t y of ca t a l a se (E.G. 1 .11.1.6) in the 
p lan t samples, 
3 .12 ,4 ,1 Ext rac t ion 
200 mg of the sample was homogenised in 10 ml of 0,1 M 
phosphate buffer (pH 6,8) and centr ifuged a t 17,000 rpm a t 2°^* 
The supernatant was d i lu ted twice and used as enzyme source, 
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3.12 ,4 ,2 Assay for ca ta lase a c t i v i t y 
1 ml of the above d i lu ted , enzyme e x t r a c t was p ipe t ted 
in to a p l a s t i c v i a l containing 3 ml of phosphate buffer (pH 6 ,8 ) , 
0.05 ml of H2O i6%) and 0.95 ml of double d i s t i l l e d water. 
The v i a l containing t h i s r eac t ion mixture was incubated a t 
25+2 C for 1 min. The enzymatic r eac t ion was stopped by the 
add i t ion of 10 ml of 2% i^SQi^(,v/v), The r e s i d u a l H2O2 In the 
reac t ion mixture was t i t r a t e d aga ins t 0.01N KMnO^  u n t i l a f a in t 
colour pe r s i s t ed a t l e a s t for 15 sec . 
Simultaneously, a con t ro l was a l so run in which the 
enzyme a c t i v i t y was stopped a t ' z e r o ' t ime. One un i t of 
ca ta lase a c t i v i t y was defined as t ha t amount of enzyme which 
breaks 1 M mole of t^ o^p P®^ ^^^ under the assay cond i t ions , 
3 ,12.5 Estimation of Chlorophyll 
Total chlorophyll pigments in leaf were est imated 
according to the method of Mackinney (19A1). 
1 g of the fresh l ea f mate r ia l was ground in a mortar 
and pes t l e in the presence of s u f f i c i e n t amount of 80?6 acetone . 
The e x t r a c t was f i l t e r e d and the f i l t r a t e was co l l ec ted in a 
volumetric f l a sk . The residue was washed repeatedly and 
washings added to the f i l t r a t e . The volume of the e x t r a c t was 
made upto 100 ml with 8096 ace tone . Per cent t ransmit tance of 
t h i s ex t rac ted so lu t ion was read a t 663 nm and 645 nm on a 
Bausch and Lomb " spec t ron ic -20" co lor imeter . The values of 
o p t i c a l d e n s i t i e s were put in the following formula: 
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Total chlorophyl l mg/g - 20.2 (D645)+a,02(D663) x 
lOOOxW 
where, V and W represent volume of the so lu t ion in ml and 
weight of the leaves in g, r e spec t ive ly , whereas 20,2 and 
8,02 are d i l u t i o n f a c t o r s . 
3 .12.6 Estimation of carbohydrates 
Soluble and insoluble carbohydrates were ex t rac ted 
according to the method of Yih and Clark (1965), and estimated 
by the method of Dubois ejt al_. (1956), 
The dry p l an t samples were ground t o a fine powder and 
passed through a 72 mesh sieve ..The powder was s tored in 
polythene bags with proper l a b e l l i n g . At the time of a n a l y s i s , 
a su f f i c i en t amount of the powder was spread on a clean sheet 
of paper and dried over night i n an oven a t 80°C, These dr ied 
samples were placed in a dess i ca to r for about 15 min. 
3.12.6.1 Extrac t ion of soluble carbohydrate 
50 mg powder of each sample was weighed and t ransfer red 
to a g lass centr i fuge tube . 5 ml of 8096 e thy l a lcohol was 
p ipe t ted in to the t e s t tube and heated on water-bath a t 60°C 
for 10 min. The sample was cooled and centr i fuged a t 4,000 rpm 
for 10 min. The supernatant was poured i n to 25 ml volumetric 
f lask with three washings and the f i n a l volume was made up 
with 8096 a l coho l . The residue was preserved in the same tube 
for the ex t r ac t ion of insoluble carbohydrate , 1 ml of t h i s 
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e x t r a c t was t rans fe r red to a t e s t tube and evaporated to 
dryness on a water -bath . The t e s t tube was cooled and 2 ml of 
d i s t i l l e d water was poured i n to i t . This e x t r a c t was used for 
the es t imat ion of soluble carbohydrate . 
3.12.6.2 Extrac t ion of Insoluble carbohydrate 
To the res idue , obtained above, 5 ml of 1.5 N sulphur ic 
acid was added and heated on a water-bath a t 100 C for 2 h. 
This digested sample was cooled and centrifuged a t 4,000 rpm. 
The supernatant was co l lec ted in 25 ml volumetric f lask with a t 
l e a s t three washings. The f ina l volume was made up with 
d i s t i l l e d water, 1 ml of the e x t r a c t and 1 ml of d i s t i l l e d 
water was p ipe t ted in to a t e s t tube to es t imate insoluble 
carbohydrate . 
3 .12.6 .3 Estimation of soluble and insoluble carbohydrates 
To each t e s t tube, containing the e x t r a c t of soluble or 
insoluble carbohydrates, 5 ml of 5% d i s t i l l e d phenol was p ipe t t ed 
followed by the addi t ion of 5 ml concentrated sulphur ic acid 
(AR), The t e s t tube was shaken well , the colour of the so lu t ion 
turned yellowish orange. The t e s t tube was cooled by placing 
i n ch i l l ed -wa te r . After about hal f an hour, the so lu t ion was 
t ransfer red to a color imetr ic tube and the o p t i c a l dens i ty was 
measured a t 490 nm on a " spec t ron ic -20" co lor imete r . A blank 
was run with each sample. The carbohydrate content was 
ca lcula ted by compairing the o p t i c a l densi ty of the sample with 
a c a l i b r a t i o n curve p lo t t ed by taking known d i l u t i o n s of a 
standard so lu t ion of chemically pure glucose. 
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3,12,7 Estimation of Prote ins 
Prote in was estimated following the method of lx)wry 
e t a i . (1951). 
3 .12 ,7 ,1 Ext rac t ion of soluble and insoluble p ro te ins 
50 mg of the fresh p lan t sample was weighed and t r ans fe r red 
to a mortar and p e s t l e . I t was ground with 5 ml of d i s t i l l e d 
water and col lec ted in a centr i fuge tube with a t l e a s t two 
washings. The sample was centrifuged a t 4,000 rpm for 10 min. 
The supernatant was co l lec ted in a 25 ml volumetric f lask 
toge ther with two washings of the residue with d i s t i l l e d water . 
The volume was made upto the mark with d i s t i l l e d water and 
preserved for the es t imat ion of soluble p ro te in . 
To the res idue , 5 ml of 3% t r i c h l o r o a c e t i c acid was 
added. The so lu t ion was allowed to stand a t room temperature 
for 30 min with thorough shaking. I t was then centrifuged a t 
4,000 rpm for 10 min and the supernatant d iscarded . 5 ml of 
1 N sodium hydroxide was mixed well with the res idue and 
allowed to stand in a water-bath a t 80°G for 30 min. The 
so lu t ion was then allowed to cool and centrifuged a t 4,000 
rpm. The supernatant together with three washings with 1 N 
sodium hydroxide was co l lec ted in 25 ml volumetric f l a sk . 
The volume was made upto the mark with 1 N sodium hydroxide 
and used for the es t imat ion of insoluble p ro te in . 
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3.12 .7 .2 Estimation of soluble p r o t e i n 
One ml of the above water e x t r a c t was t r ans fe r red to a 
10 ml t e s t tube and 5 ml of Reagent C (Appendix p.IV) was added 
to i t . The so lu t ion was mixed well and allowed to stand for 
10 min a t room temperature, 0.5 ml of Reagent E (Appendix p.V) 
was added rapid ly with immediate mixing. After 30 min, the 
blue coloured so lu t ion was t rans fe r red to a co lor imet r ic tube 
and the per cent transrait tance was read a t 660 nm on a 
" spec t ron ic -20" color imeter , A blank was run with each 
sample. The soluble p ro te in content was obtained by comparing 
the o p t i c a l densi ty of each sample with a c a l i b r a t i o n curve 
p lo t t ed by taking known d i l u t i o n s of a standard so lu t ion of 
egg-albumen, 
3 .12 .7 .3 Estimation of insoluble p r o t e i n 
1 ml of soidum hydroxide e x t r a c t was t rans fe r red to a 
10 ml t e s t tube and 5 ml of Reagent D (Appendix p.VI) was added 
to i t . The so lu t ion was mixed well and allowed to stand for 
10 min a t room temperature. 0 ,5 ml of Reagent E (Appendix p.VI) 
was added rapidly with immediate mixing. After a lag of about 
30 min the i n t e n s i t y of the blue coloured so lu t ion was measured 
on a " spec t ron ic -20" color imeter as in the case of soluble 
p ro te in , 
•^''2.8 Estimation of nitrogen, phosphorus and potassium contents 
A s u f f i c i e n t quant i ty of the l ea f powder, passed through 
a 72 mesh screen, was spread on a clean sheet of paper and 
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dried over n ight in an oven a t 80°C, These dr ied samples were 
cooled in a de s s i ca to r for 15 min. 
3.12 .8 .1 Digestion of the leaf sample 
The d iges t ion of the sample was car r ied out according 
to the method of Undner (1944). 
100 mg of dry leaf powder was taken in a 100 ml KJeldhal 
f lask and 2 ml of concentrated sulphuric acid (AR) was p ipe t ted 
in to i t followed with heat ing on a d iges t ion rack for 2 h, 
0.5 ml of chemically pure hydrogen peroxide (30%) was added 
when the f lasks cooled down. The so lu t ion was heated again for 
about 30 min t i l l the colour changed from black to l i g h t yellow. 
The f lask was cooled for 15 min and an add i t i ona l amount of 
3-4 drops of hydrogen peroxide (30?6) was added, followed with 
gent le heating for another 15 rain to get a c l e a r and co lour less 
e x t r a c t . At t h i s s tage , excess of hydrogen peroxide was avoided 
as i t would oxidise ammonia in the absence of organic mat te r . 
The peix>xide digested mate r ia l was t ransfer red to another 100 ml 
volumetric f lask with three washings with d i s t i l l e d water. 
Final volume was made upto the mark with d i s t i l l e d water . This 
a l iquo t was s tored and used for the es t imat ion of n i t rogen, 
phosphorus and potassium con ten t s . 
3.12 .8 .2 Estimation of nitrogen 
The method of Lindner (1944) was followed to est imate 
the per cent n i t rogen content i n the samples. 
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10 ml a l i quo t of the peroxide digested sample was 
t r ans fe r red to a 5O ml volumetric flask*2 ml of 2,5 N sodium 
hydroxide and 1 ml of 1096 sodium s i l i c a t e were a l so added to 
the f lask to neu t r a l i s e the excess of acid and to prevent 
t u r b i d i t y , r e s p e c t i v e l y . Volume of the so lu t ion was made upto 
the mark with d i s t i l l e d water . 5 ml of t h i s so lu t ion was 
p ipe t ted in to a 20 ml graduated t e s t tube to which 0.5 ml of 
Ness l e r ' s reagent (Appendix p.IV) was added dropwise, with 
repeated shakings. The f ina l volume was made upto 10 ml with 
d i s t i l l e d water. After waiting for 5 min, to get optimum 
colour development, per cent t ransmit tance of the so lu t ion was 
determined a t 525 nra on a '• spec t ron ic -20" color imeter , A 
blank cons i s t ing of d i s t i l l e d water and Ness l e r ' s reagent was 
run simultaneously. Standard curve was p lo t t ed using the 
known d i l u t i o n s of ammonium sulphate so lu t ion . The o p t i c a l 
densi ty of each sample was compared with t h a t of the ca l ib ra t ed 
curve and n i t rogen in each sample was ca lcula ted in terms of 
percentage on dry weight b a s i s . 
3 ,12 .8 ,3 Estimation of phosphorus 
The procedure given below, adopted by Fiske and Subba Row 
(1925), was followed for the es t imat ion of phosphorus. 5 ml 
a l i quo t of peroxide digested sample was taken in a 20 ml 
graduated t e s t tube and 1 ml of molybdic acid (Appendix p.V) 
was added' carefu l ly followed by the addi t ion of 0.4 ml of 
1-amino-2-naphthol-4-sulphonic acid (Appendix p .V) . The colour 
of the so lu t ion turned b lue . D i s t i l l e d water was used to make 
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the f ina l volume upto 10 ml. The so lu t ion was shaken well and 
allowed to stand for about 5 min a f t e r which i t was t ransfer red 
to a color iraeter ic tube. The per cent transmittance was read 
a t 620 nm on a '• spec t ron ic -20" color imeter , A blank was a l so 
run simultaneously. The standard curve was p lo t t ed by using 
known graded concentrat ions of monobasic potassium phosphate 
so lu t i on , 
3 ,12 ,8 ,4 Estimation of potassium 
The potassium content in the digested l ea f mate r i a l was 
estimated flame photometr ical ly . 1 ml a l i quo t was su i t ab ly 
d i lu ted with d i s t i l l e d water in sample tube . A blank containing 
only d i s t i l l e d water was run simultaneously. The readings were 
compared with a c a l i b r a t i o n curve p lo t ted using the known 
d i l u t i o n s of a standard potassium sulphate s o l u t i o n . The 
potassium was expressed on per cent b a s i s , 
3 . 1 2 , 9 Estimation of nitrate 
The n i t r a t e content was est imated following the method 
of Johnson and Ulrich (1950), 
3 ,12 . 9,1 Preparation of powder 
Plant samples were l e f t over n ight in an over a t 70°C, 
These dried samples were ground in an e l e c t r i c gr inder and 
the powder passed through a 72 mesh screen and s tored in 
polythene bags for the chemical a n a l y s i s . Each sample before 
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ana lys i s was again dried over night in an oven a t 70 on a 
c lean sheet of paper . In the morning the samples were placed 
i n a de s s i ca to r for 15 min for cooling under dry cond i t ions . 
3 , 1 2 . 9 . 2 Extraction and colour .development 
50 mg of the powder was weighed and t r ans fe r red to a 
dr ied centr ifuge tube 25 ml with the addi t ion of 400 mg calcium 
sulphate and 12,5 ml of double d i s t i l l e d water . I t was 
centrifuged for 10 min a t 6,000 rpra. The supernatant was 
t rans fe r red to a 50 ml conical f lask containing 1 ml of 0,59^ 
calcium carbonate suspension. The excess so lu t ion was 
evaporated a t waters-bath leaving the f i na l volume to 5 ml on ly . 
0 ,5 ml of HpOp (3096) was added to the above so lu t ion and the 
f lask was covered with a l i d . The so lu t ion in the flask.was 
fur ther heated to dryness in a water-bath inorder to remove the 
peroxide. The f lask was cooled, and 1.25 ml of phenol sulphonic 
acid (11.11%) was rapidly added with continuous s t i r r i n g , 35 ml 
of d i s t i l l e d water was a l so added to t h i s s o l u t i o n . Last ly , 
7.5 ml of 50% ammonium hydroxide was p ipe t ted in to i t . Yellow 
colour developed, which was read a t 397 nm using a color imeter . 
A standard curve was p lo t t ed using the graded concentrat ions 
of standard n i t r a t e s o l u t i o n . 
3.12 .10 S t a t i s t i c a l ana lvs i s 
The experimental data were analysed s t a t i s t i c a l l y 
following Panse and Sukhatme ( l967) . The " F" t e s t was applied 
to assess the s ignif icance of the data a t 5% l e v e l of p r o b a b i l i t y . 
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The e r r o r due to r e p l i c a t e s was a lso determined. The model of 
ana lys i s of var iance (ANOVA) i s shown in Table 3 . C r i t i c a l 
di f ference (C.D. ) was ca lcula ted to compare the e f fec t of 
var ious t rea tments , v a r i e t i e s and treatment x v a r i e t y i n t e r a c t i o n 
using the following formula: 
C.D. - / Standard Error x 2 , ^ (^^^^^^ ^^ (^^^m t a b l e ) 
-^  Replicates 
Table 3 . Model of analys is of variance (ANOVA) employed. 
Source of v a r i a t i o n D,F. S.S. M.S.S. 
Repl ica tes 
Var i e t i e s 
Treatments 
Variety x t reatment 
Error 
Total 
2 
1 
3 
3 
14 
23 
The c o r r e l a t i o n s among var ious parameters s tudied were derived 
by using c o r r e l a t i o n coef f ic ien t ( r ) . 
The s igni f icance of c o r r e l a t i o n coef f i c i en t values a t 
5% l eve l of p robab i l i t y was determined using the formula given 
below: _ 
r (x - x) (y - y) 
/ 
(x-x) X (y-y)^ 
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where, 
X represents independent character (x = mean) 
y represents dependent character (y = mean) 
To t e s t whether or not, the value for r is s ignif icant , the 
following formula was applied: 
y 1 - r^  Test of significance ( f ) " ^ ^ 
where, n = number of to ta l observations i . e . number of 
treatments x number of repl icates 
When t ' value was greater than that of t , obtained from the 
table a t 5% level of probabili ty, the value for r (correlation 
coefficient) was declared to be s ignif icant . 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
4,1 Experiment 1 
The motive of t h i s experiment was to study the e f f ec t 
of soaking the seeds of two v a r i e t i e s of t r i t i c a l e i . e . Tigre 
" S" (V.) and Muskox '• S" (V ) in pyridoxine so lu t ion on the 
r e l a t ed biochemical changes induced a t the ea r ly s tages of 
t h e i r germination. The dry seeds of both the v a r i e t i e s were 
assessed for t h e i r na t ive pyridoxine content (Table 4) p r i o r 
to soaking; Similar seeds were soaked in water (T^) and graded 
concentrat ions of pyridoxine so lu t ion i . e . 0,001% (T2), 
0.01% (T,) and 0.1% (T^) for a period of 8 h (D^) or 12 h (Dg). 
These soaked seeds were removed from the p e t r i p l a t e s a t an 
i n t e r v a l of 12, 18 and 24 h a f t e r soaking ( i . e . u]^, D!J® and 
_9h 12 18 24v 
D^ and D^ , D2 and D2 ) and analysed for var ious biochemical 
changes s e t in , t i l l the emergence of the r a d i c l e . The r e s u l t s 
have been given in Tables 5-11 and are b r i e f l y described belows 
4 .1 .1 Pyridoxine content 
The seeds of two v a r i e t i e s of t r i t i c a l e ( i . e . V and V ) 
had respec t ive ly , 1.528 and 1.639 Mg/g D.W.of na t ive pyridoxine 
a t the time of soaking (Table 4 ) . Pyridoxine content of these 
seeds increased on being soaked in water o r i n the 
so lu t ion of- the vitamin (Tables 5 a , b ) . However, the seeds 
soaked i n pyridoxine so lu t ion had more vitamin than those 
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soaked in water on ly . Soaking the seeds in 0,136 pyridoxine 
so lu t ion (T^) for 8 h (D^) had a maximum increase of 29.9, 27.1 
and 23,89^ over water-soaked checks a t D j^^ , D^ ® and samplings, 
r e s p e c t i v e l y . I t was followed by T-j and in t h a t order by T2. 
The two v a r i e t i e s showed s i g n i f i c a n t d i f ferences a t 
var ious s tages of germination. Vg possessed 9 . 5 , 8.0 and 6.896 
1P 1R 
more pyridoxine than V^  a t the three samplings i . e . D^  , D^  
and D^ , r e spec t i ve ly . As regards the i n t e r a c t i o n e f f ec t of 
t reatment with v a r i e t y ( i . e . TxV), the bes t combination was 
TAXVP where 32 ,4 , 23.1 and 21.0% more pyridoxine was found in 
the seeds than T-|XV2 a t the three samplings which showed 
c r i t i c a l di f ference with the e f fec t of o ther i n t e r a c t i o n s . 
The seeds soaked for 12 h (D2) a lso exhibi ted an increase 
in t h e i r pyridoxine l eve l and i t followed the same p a t t e r n as 
t h a t in the 8 h (D,^ ) soaking, for example, soaking the seeds i n 
0,196 ( T ^ ) pyridoxine so lu t ion showed maximum increase of 28,9 , 
22.3 and 22,196 compared with con t ro l a t the three samplings 
(D12. o f and ^^ ). 
4.1,2 Soluble carbohydrate content 
Table 4 reveals t h a t the dry seeds of the two v a r i e t i e s 
V^  and V^ possessed 5.0 and 4,896 nat ive soluble carbohydrate. 
It ,however, increased as the germination progressed i r r e spec t i ve 
of the treatment and v a r i e t y (Tables 6 a , b ) . Among the graded 
l eve l s of pyridoxine used for soaking the seeds, T, (0,0196) a t 
D^  durat ion proved most e f fec t ive giving 8 .0 , 7.9 and 7.696. 
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more soluble carbohydrate than water-soaked seeds (T^) a t the 
three s tages of growth (D^^, D^ and D^  ), r e s p e c t i v e l y . I t was 
followed by Tg (0,001%), Inoreaoing carbohydrate by h»6f 1,9 
and 3,5% over con t ro l a t the three samplings, whereas, T^ in 
genera l , proved i n e f f e c t i v e . 
When compared for t h e i r soluble carbohydrate l e v e l , 
Y^  had 1,6, 8,4 and 8,6% more soluble carbohydrate than M^ ^"^ 
the three samplings (D^^, D^^ and D^^ ) , r e s p e c t i v e l y . While 
considering the TxV i n t e r a c t i o n e f f ec t , among the e igh t 
poss ible combinations, T,xV^ proved most e f fec t ive and increased 
the carbohydrate l eve l by 9,0, 12,0 and 6,2% over the check a t 
the three samplings, r e s p e c t i v e l y . 
S imi lar ly , soluble carbohydrate content a l so increased 
in the seeds soaked for 12 h (D2) where T, proved most e f f ec t i ve , 
enhancing the l e v e l by 7 ,0 , 7.3 and 6.6% over the con t ro l a t 
Dg , D2 and E^^ s tages of sampling, Tp proved medium in i t s 
e f f e c t . However, the highest concentrat ion (T. ) did not prove 
b e n e f i c i a l . Among the v a r i e t i e s , V^  maintained i t s supe r io r i t y 
over Y^, the respect ive values being 3 ,8 , 9.0 and 7.6% a t the 
three samplings. At the f i r s t sampling ( D ' ) , 11,3% more 
soluble carbohydrate was found i n "^-^xV^ over "^^xV^ whereas, a t 
the other l a t t e r samplings T^xV^ proved most e f fec t ive giving 
values 9,2 and 5.4% more than T^xV., 
4 .1 .3 Insoluble carbohydrate content 
The unsoaked seeds of the two v a r i e t i e s (V. and V ) 
possessed 78,7 and 76.2% insoluble carbohydrate (Table 4 ) . The 
76 
content , however, decreased as germination progressed (Tables 7a, 
b ) . This s o l u b i l i s a t i o n was f a c i l i t a t e d in the seeds soaked in 
pyridoxine so lu t ion compared with those soaked in water on ly . 
Maximum decrease in the l eve l of insoluble carbohydrate 
was noted in the seeds soaked for D, durat ion in 0.0196 pyridoxine 
so lu t ion (T,) where the values were 3 .9 , 6 .9 and Q,^% l e s s than 
the cont ro l (T^) a t the three s tages of growth (D^'^, D^° and 
D^^). I t was followed by T^ in i t s e f f e c t i v i t y where the 
insoluble carbohydrate concentrat ion in the seeds decreased by 
1.9, 4 .4 and 5,19* compared with T<, a t the three s tages of 
sampling, r e spec t i ve ly . 
The r a t e of carbohydrate s o l u b i l i s a t i o n in the seeds of 
the two v a r i e t i e s differed s i g n i f i c a n t l y a t d i f f e r e n t s tages of 
germination. At ear ly s t ages , V gave a b e t t e r response than 
V-j whereas, a t D^ ® and s tages the l a t t e r v a r i e t y had 1.8 
and 5.1% lower l eve l than Vp. As regards i n t e r a c t i o n e f fec t , 
TixV-i proved the best combination where the seeds had l e a s t 
insoluble carbohydrate a t the three s tages of sampling. 
I t was i n t e r e s t i n g to note t h a t when the dura t ion of 
soaking vas increased from 8 h to 12 h the e f f e c t i v i t y of the 
treatment T^ decreased (Table 7b) , A maximum decrease in the 
l e v e l of insoluble carbohydrate was noted a t D^^ g^^^ ^24 ^^g j^ 
the values were 3.0 and 6.0% l e s s than the con t ro l (T^). 
S imi lar ly , v a r i e t a l d i f ferences and treatment x v a r i e t y 
i n t e r ac t i ons were s i g n i f i c a n t a t the two s tages of sampling 
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mentioned above, V had 0.4 and 3,3% l e s s insoluble carbohydrate 
than ^2* ^s regards the i n t e r a c t i o n e f fec t , TpXV.. proved most 
e f f ec t i ve , producing the l e a s t l e v e l of insoluble carbohydrates 
than T^xV-,. 
4 .1 ,4 g-amylase a c t i v i t y 
The s o l u b l l i s a t i o n of reserve carbohydrates in the 
germinating seeds i s dependent on a-amylase a c t i v i t y , there fore , 
the enzyme was used as a marker to co r r e l a t e i t s l eve l with 
t h a t of soluble and insoluble carbohydrates during germination 
under the, e f f ec t of pyridoxine t rea tment , A perusa l of the 
data (Tables 8a ,b ) reveals t h a t the pre-soaking treatment with 
pyridoxine enhanced a-amylase a c t i v i t y in the seeds compared 
with t h a t of the c o n t r o l . 
A maximum increase of 28,9 , 28,2 and 30,23^ was noted in 
the seeds soaked for 8 h (D.) in 0,01?^ pyridoxine so lu t ion (T,) 
a t i n t e r v a l s of D *^^ , DJ and D^  , respec t ive ly over the 
check (T^), The other treatment (Tp) which followed i t increased 
the a c t i v i t y by 15.8 , 18,2 and 22,6% over the con t ro l (T^), 
r espec t ive ly a t the stages mentioned above. The highest 
concentrat ion of pyridoxine (T^) induced l e a s t increase in the 
l eve l of the enzyme. 
The seeds of both v a r i e t i e s V^  and Vp c r i t i c a l l y 
differed from each o the r in the l eve l of t h e i r a-amylase 
a c t i v i t y s tudied a t var ious i n t e r v a l s a f t e r germination. 
Treatment x v a r i e t y i n t e r a c t i o n was also s ign 
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proved bes t giving 4A,3, A3.2 and 48.896 more enzyme, respec t ive ly 
a t the three samplings. Table 8b reveals t h a t the lower 
concentra t ions of pyrldoxine were more e f fec t ive in enhancing 
the l eve l of the enzyme i f the soaking durat ion was prolonged 
for 8 to 12 h, Tp, induced the maximum increase of 34,0 , 21.3 
and 20.9% in enzyme l eve l over the cont ro l a t l!^^, Ti}^ and E | 
s tages of sampling, respec t ive ly followed by T , . Va r i e t a l 
d i f ferences were s i g n i f i c a n t . At the two ea r ly s tages of 
sampling (D2 » Dp ) the v a r i e t y V^ had higher enzyme a c t i v i t y 
than V^  whereas, a t the l a s t sampling (DI ) the l a t t e r v a r i e t y 
proved b e t t e r . Considering the i n t e r a c t i o n effect,T2XV. proved 
to be the bes t combination a t D^^^ jj18 ^^^ ^24 s tages of seed 
germination increas ing the enzyme l eve l by 43.6 , 31.9 and 33.53^ 
over T-^ xV ,^ r e s p e c t i v e l y . 
4 , 1 , 5 Catalase a c t i v i t y 
Generally the ca ta lase a c t i v i t y in the seeds t r ea ted with 
pyrldoxine increased s i g n i f i c a n t l y (Tables 9 a , b ) . A maximum 
increase of 28.5 , 33.7 and 28,19^ was observed in the seeds 
1? 18 
soaked for D^  dura t ion in T, over T^  a t an i n t e r v a l of D^'^, D^  
24 
and D-| , respec t ive ly and was c lose ly followed by Tp. However, 
the higher concentra t ion of pyrldoxine (T.) proved i n h i b i t o r y . 
Considering v a r i e t a l d i f fe rences , V^, compared with Vp 
had 14,5, 14.7 and 15.3% more enzyme a c t i v i t y a t D^^, D]® and 
24 D^  s t ages , r e s p e c t i v e l y . Among the various TxV i n t e r a c t i o n s , 
T x^V^ proved bes t showing 44.7, 48.2 and 43.2% more enzyme 
a c t i v i t y than T^xV^ a t the s tages refer red above. 
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The e f f ec t of pyridoxine treatment on the ca ta lase 
a c t i v i t y in the seeds soaked for a longer dura t ion i . e . - D^, 
was s i g n i f i c a n t but did not show a spec i f i c p a t t e r . However, 
i n general T^ proved b e t t e r and was followed by Tp. 
Here a l s o , the seeds of V^  possessed 18.5, 10.0 and 17.096 
higher enzyme a c t i v i t y than V^ and in te rac ted bes t with T, a t 
12 18 2.^ 
a l l the s tages i . e . Dg , Dp ^"'^ ^5 Saving, r e spec t ive ly , 
31 .7 , 33.9 and 37.6% more enzyme a c t i v i t y than T^xV^. 
4 ,1 ,6 Soluble p ro te in content 
The treatment s i g n i f i c a n t l y increased the soluble 
p ro te in content in the seeds . However, the increase was more 
prominent in the seeds soaked in pyridoxine so lu t ion (Tables 
10a ,b) . A maximum increase of 10 ,3 , 8.3 and 11.8% over T^  was 
recorded in the seeds soaked in 0.01% pyridoxine so lu t ion (T,) 
for 8 h (D^) a t D^^, D!}® and D^ , r e s p e c t i v e l y . The highest 
concentra t ion of the vitamin (T* ) proved i n e f f e c t i v e . 
Among the var ie t ies ,V^ again proved super ior a t a l l the 
1? 1fl ?^ 
s tages i . e . D^  , D^  and D^  , the respect ive increase over Vp 
was 5.9, 15.7 and 15.8%. S imi la r ly , T3xV^ was the bes t 
combination which had 7 .7 , 7.4 and 11.4% more soluble p ro te in 
than T^ 3{V^  a t the three samplings re fer red above. The soluble 
p ro te in content in the seeds soaked for a longer durat ion (Dp) 
exhibi ted a s imi la r pa t t e rn of response to the t reatment as 
noted e a r l i e r for D^. As regards the v a r i e t a l d i f ferences V^  
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possessed 16,8, 17.3 and 13.71^ more soluble p ro te in than Vp a t 
12 18 2^ 
D- , D^ and Dp stages of sampling, r e spec t ive ly and gave bes t 
i n t e r a c t i o n with T , . 
4 ,1 .7 Insoluble p ro te in content 
The dry seeds of the two v a r i e t i e s (V^ and Y.) of 
t r i t i c a l e possessed 8.4 and 7.996 insoluble p ro t e in , r espec t ive ly 
(Table 4 ) . The l eve l decreased as germination progressed, 
s o l u b i l i s a t i o n was more rapid in the seeds t r ea ted with 
vitamin (Tables 11a ,b) , 
A maximum decrease of 8 . 3 , 7.3 and 8.7% was recorded, 
compared with T^  in the seeds soaked in 0,01% (T,) so lu t ion of 
pyridoxine for 8 h (D^) a t the three samplings (D^^, D!J and D^ ) , 
I t was followed by Tp. Treatment T^ proved i n e f f e c t i v e . 
Considering v a r i e t a l responses, the r a t e of s o l u b i l i s a t i o n 
of insoluble p ro te in in V2 was more rapid than V^  as expressed 
by i t s l eve l in the seeds . As regards the i n t e r a c t i o n e f fec t a t 
the ea r ly stage (D^^)^ ^3^V2 ^^^» ^^ l a t t e r s tages (D^® and D^^), 
T,xV-j proved b e s t . 
A p a t t e r n s imi la r to t h a t noted above (D^)f was recorded 
for insoluble p ro te in content i n the seeds soaked for a longer 
durat ion of 12 h (D2) where T, decreased the content by 4 .3 , 
4.8 and 7.19* over T^  a t D^^^ Q18 ^nd E^^ , r e spec t i ve ly . 
Variety V possessed l e s s insoluble p ro te in than V, and had 
a b e t t e r i n t e r a c t i o n e f fec t with T- than with any other 
combination. 
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4.2 Experiment 2 
A comparative study of the e f fec t of pyridoxine treatment 
(Experiment 1) through seed soaking for 8 h (D ) and 12 h (Dp) 
revealed t h a t most of the c h a r a c t e r i s t i c s s tud ied gave b e t t e r 
response to D^  than D^. PUrther s tud ies were, there fore , 
r e s t r i c t e d to soaking the seeds in graded l eve l s of pyridoxine 
for D^  durat ion and r a i s ing the seedl ings in sand cu l tu re to 
be sampled from 5 to 13 days a f t e r sowing (DAS), The data 
regarding the se lec ted parameters are given in Tables 12-30 
and b r i e f l y described below: 
4.2,1 Growth characteristics 
Most of the root and shoot c h a r a c t e r i s t i c s were affected 
s i g n i f i c a n t l y by the treatment (Tables 12-19). 
4 ,2 .1 .1 (A) Root c h a r a c t e r i s t i c s 
Tables 12-15 revealed t h a t a l l the root c h a r a c t e r i s t i c s 
s tudied were favourably affected by the t rea tment . A b r i e f 
desc r ip t ion of each i s given below: 
4 ,2 ,1 ,1 ,1 Ftoot length per p lan t 
The p lan t s ra ised from pyridoxine t r ea ted seeds possessed 
longer roots than cont ro l (Table 12) . At a l l the s tages of 
growth ( i . e . 5, 7, 9 , 11 and 13 DAS), T^ was most e f fec t ive 
and increased root length by 17.7, 14.8 , 14.9, 11.8 and 13.0?^, 
respec t ive ly over T^  . 
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The two va r i e t i e s differed s igni f icant ly in the i r 
response. V^  produced 10,7, 8.9, 10.6, 10.4 and 9.0?6 longer 
roots than y^ a t 5, 7, 9, 11 and 13 DAS, respect ively . The 
best TxV in te rac t ion effect was recorded in T,xV^ giving values 
28.0, 20.6, 17.3, 13.4 and 12.39^ higher than T^ xV^ a t 5, 7, 9, 
11 and 13 DAS, respect ively. 
4 .2 .1 .1 .2 Root number per p lant 
I t was s igni f icant a t the l a t t e r samplings only where 
T, was most effect ive , giving values 5.6 and 13.9?6 more than 
tha t of T^  a t 11 and 13 DAS, respectively (Table 13). Varietal 
differences were, however, s ign i f ican t only a t the ear ly stages 
of growth where Vg had more roots than V-j. Treatment x var ie ty 
in te rac t ion effect was a lso s igni f icant a t early stages only 
i . e . 7, 9 and 11 DAS where T,xV>| proved bes t . 
4 .2 .1 .1 .3 Fresh weight of root per plant 
An increase in the fresh weight, as affected by the 
treatment, was noted a t a l l the stages of root growth (Table 14), 
At 5, 7, 9, 11 and 13 DAS, T^ showed 42.1 , 34.2, 39.3, 18.1 
and 36.5?^ increase, reapecblvely in freah weight over control , 
followed by T^  where 21.0, 14.5, 15.5, 9.9 and 16.4% increase, 
respectively over control (T^) was recorded, 
v a r i e t a l differences were s igni f icant a t a l l the stages 
i . e . (5, 7, 9, 11 and 13 DAS). The respective increase in 
V^  over V2 was 16.7, 21.0, 20.9, 16.2 and 15.0%. Treatment x 
var ie ty in te rac t ion was also s igni f icant a t a l l the s tage. 
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T x^V^ showed bes t r e s u l t s , producing 53 .3 , 37 .8 , 40.7, 23.3 and 
41,7% increase over T x^V^ a t 5, 7, 9, 11 and 13 DAS,respectively. 
4 . 2 . 1 , 1 , 4 Dry weight of root per plant 
Ftoot dry weight increased s i g n i f i c a n t l y over the cont ro l 
by pyridoxine treatment (Table 15) , At the f i r s t sampling 
(5 DAS), the dry weight of a l l the p lan t s was s imi l a r but , as 
the growth p r o g r e s s e d , ( i . e , a t 7, 9, 11 and 13 DAS), the r a t e 
of increase in weight was more prominent in the p l an t s ra i sed 
from pyridoxine t r ea ted seeds than c o n t r o l . At these s t ages , 
there was 35 .0 , 40 .3 , 22,5 and 35.396 increase in T^ over T^, 
followed by Tp in i t s e f f e c t . 
The two v a r i e t i e s d i f fered s i gn i f i c an t l y in dry matter 
production by t h e i r r o o t s . An increase of 18,5 , 16,8, 17.2 
and 16.6% was noted in V^  over V^ a t 7, 9, 11 and 13 DAS, 
r e s p e c t i v e l y . Treatment x v a r i e t y i n t e r a c t i o n was s i g n i f i c a n t 
a t 11 and 13 DAS only where T,xV^ exhibi ted 30.8 and 38,1% 
more dry matter than T^xV^, r e s p e c t i v e l y , 
4 .2 ,1 ,2 ( B ) Shoot characterist ics 
The p lan t s developed from the seeds t r ea ted with 
pyridoxine so lu t ion had b e t t e r a e r i a l growth (Tables 16-19), 
4 ,2 ,1 ,2 ,1 Shoot length per p l an t 
The seeds soaked in var ious concentra t ions of pyridoxine 
produced t a l l e r p lan t s than con t ro l (Table 16) , At most of the 
s tages of sampling i . e , 5, 7, 11 and 13 DAS, maximum shoot 
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length was noted in treatment T,, an increase of 14.5, 17.6, 
17.3 and l6,9?i, i n p lan t he ight , r e spec t ive ly over T^ being 
recorded in T , . However, a t 9 DAS, T« proved bes t , giving 
20.3?6 increase and being followed by T , , 
The v a r i e t i e s showed d i f f e ren t response to the t rea tment . 
Vg produced 10.5, 13.6, 11.2, 2.5?< t a l l e r p lan t s than V. a t 
5, 7, 9 and 11 DAS, r e s p e c t i v e l y . Considering i n t e r a c t i o n 
e f f ec t of t reatment x v a r i e t y , T^xVp proved bes t a t a l l samplings, 
except 13 DAS. The respect ive increase over i t s con t ro l (T^xVp) 
was 14 .3 , 37 .7 , 30.4 and 29.796, r e spec t ive ly a t 5, 7, 9 and 11 
DAS, whereas, a t the l a s t sampling (13 DAS) the bes t combination 
was T,xV, which showed 34.856 increase over T^xV^. 
4 . 2 . 1 , 2 . 2 Lsaf area per plant 
Table 17 revea ls t ha t the p l an t s ra ised from seeds 
t r e a t e d with pyridoxine had more l ea f area than c o n t r o l . At 
5, 7, 9, 11 and 13 DAS, an increase of 13 .3 , 18,6, 13.2, 16,7 
and 31.9J6, respec t ive ly over T^  was noted in T,, followed by 
Tg a t most of the s t ages , except a t the l a s t sampling where i t 
was a t par with T, . In general , the highest concentra t ion of 
pyridoxine (0,1%) proved i n h i b i t o r y . V^  had more l ea f area 
than Vg a t a l l the growth s tages , except a t the l a s t sampling 
(13 DAS), where both the v a r i e t i e s gave s imi l a r response. The 
respect ive increase in V^  a t 5, 7, 9, and 11 DAS was 6 .8 , 6 .2 , 
17.3 and 13.496. 
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As regards TxV i n t e r a c t i o n e f f ec t , a t 5, 7, 9 and 
11 DAS, V^  responded bes t with T^, increasing the leaf area by 
15.5, 24.0 , 18.6 and 22.29^ compared with the e f fec t of T<,xV .^ 
4»2,1 .2 ,3 Rpesh weight of shoot per p lan t 
Shoot fresh weight in the p lan t s ra i sed from p re - t r ea t ed 
seeds increased s i g n i f i c a n t l y (Table 18) . T, proved most 
e f f e c t i v e , enhancing the fresh weight by 2 9 . 1 , 21.2 , 20.6 , 22.0 
and 20.896 over the cont ro l a t 5, 7, 9, 11 and 13 DAS, respec t ive ly . 
I t was followed by T2 in i t s e f f e c t . 
The two v a r i e t i e s had s i g n i f i c a n t d i f ferences a t 5, 7, 
9, 11 and 13 DAS with V^  possessing 24.8 , 15.4, 30 .8 , 17.1 and 
28,896 more fresh weight than Vp, r e spec t i ve ly . 
Considering i n t e r a c t i o n e f f ec t , T,xV^ proved b e s t . 
Increase of 37 .9 , 28 .8 , 35 .7 , 37.0 and 34.896 over T>,xV^  was 
recorded a t 5» 7, 9, 11 and 13 DAS, r e spec t i ve ly . 
4 .2#1.2 ,4 Dry weight of shoot per p lan t 
Like fresh weight, dry weight of the shoot was 
s i g n i f i c a n t l y affected by the treatment (Table 19) . The 
maximum increase over T^  (28.2, 17.6, 20 .5 , 21.9 and 21.99!^) 
was recorded in T,, a t 5, 7, 9, 11 and 13 DAS, r e spec t ive ly . 
Among the two v a r i e t i e s , V, was more responsive a t 5, 7, 
9, 11 and 13 DAS, the respect ive increase over Vp being 20.2, 
19.2, 3 4 . 1 , 20.6 and 32,396. V^  a l so gave bes t i n t e r a c t i o n 
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e f fec t with T, increaoing dry weight by 37.0, 38 .7 , 34 .2 , 36,1 
and 38,1% over T^xV^ a t 5, 7, 9, 11 and 13 DAS, r e spec t i ve ly . 
4 ,2 .2 Chemical ana lys i s 
The p l a n t samples were chemically analysed, the r e s u l t s 
obtained are given in (Tables 20-30) and b r i e f l y described 
below: 
A.2,2.1 Pyridoxlne content of the shoot 
The p lan t s developed from the seeds exogenously supplied 
with pyridoxlne possessed higher l eve l of vi tamin than the 
con t ro l (T^) a t a l l samplings (Table 20) , T, giving highest 
values (22.5, 39 .5 , 4 0 . 1 , 39.6 and 37.996 more than t h a t of T^  ) 
a t 5, 7, 9, 11 and 13 DAS, r e spec t ive ly . 
Variety V^  had s i g n i f i c a n t l y higher pyridoxlne content 
than V_ a t a l l the s t ages , except a t 5 DAS. In t e r ac t i on 
e f f ec t of TxV was a lso s i g n i f i c a n t . T,xV^ Increased the 
vi tamin content i n the shoot the most i . e . 26 .9 , 50.6, 46.8 
and 45.2% over T.xV^ a t 5, 7, 9 and 11 DAS, r e s p e c t i v e l y . 
4 .2 .2 .2 Ni t ra t e reductase a c t i v i t y 
» 
The e f f ec t of the t reatment on n i t r a t e reductase a c t i v i t y 
(NRA) in the shoot a t a l l the s tages studied was highly 
s i gn i f i c an t (Table 21 ) . The treatments d i f fe red s i g n i f i c a n t l y 
from each other in t h e i r e f f e c t . T, gave maximum Increase over 
T^  in NRA of the shoot a t 5, 7, 9, 11 and 13 DAS, the respect ive 
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values were 3 1 . 1 , 32.9 , 30 .3 , 31.8 and 31.396. The highest 
concentra t ion of the pyridoxine (T, ) , however, proved inh ib i to ry 
in terms of NRA, 
Among the v a r i e t i e s , Y^  had 38 .5 , 30 .7 , 2 7 . 1 , 28.0 and 
19.536 more NRA than V a t 5, 7, 9, 11 and 13 DAS, respec t ive ly 
and in te rac ted best with T, , exh ib i t ing 3 1 . 1 , 40 .5 , 37.9 , 37.6 
and 36,3% more NRA than T^xV^ a t the respec t ive s t a g e s , 
4 , 2 ,2 .3 Catalase a c t i v i t y 
Catalase a c t i v i t y in the shoot was not very prominent a t 
the ear ly s tages of growth (5 and 7 DAS) but as growth 
progressed (9, 11 and 13 DAS), s i g n i f i c a n t l y higher values were 
recorded in the p l an t s ra ised from t rea ted seeds (Table 22) , 
At these samplings, maximum increases (3 .6 , 5.2 and 5.6%, 
respec t ive ly over T^) were found with T^ which was followed by 
Tp in i t s e f f e c t . However, T, in general did not prove much 
ef fec t ive a t these s tages (9, 11 and 13 DAS), 
As regards v a r i e t a l d i f fe rences , these were s i g n i f i c a n t 
only a t 9, 11 and 13 DAS, V2 gave 1,3, 0,6 and 1,5% more 
ca ta lase a c t i v i t y than V^, r e s p e c t i v e l y . At these same s tages 
s ign i f i can t va lues of TxV i n t e r a c t i o n s were a l so recorded, 
TjxV^ gave highest va lues , 5.0 and 5.5% more than T^xV^, a t 
9 and 11 DAS whereas, a t 13 DAS, T^xV^ proved bes t exh ib i t ing 
5.7% increase over T^xVp. 
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4.2*2.4 Total chlorophyll content 
The p lan t s r a i sed from pyridoxine t r ea ted seeds had 
more chlorophyl l than the con t ro l (T^) a t a l l samplings 
(Table 25 ) . Maximum values were recorded in T, which increased 
the l eve l by 19.6, 17.8, 15.4, 14.8 and 28.196 over T^  a t 
5, 7, 9, 11 and 13 DAS, r e s p e c t i v e l y . I t was followed by Tg 
i n i t s e f f ec t whereas, T^ proved l e a s t e f f e c t i v e . 
Va r i e t a l dif ferences were s i g n i f i c a n t . At 5» 7# 9, 
11 and 13. DAS, V^  proved to be more responsive than Vp^ having 
produced 9 .6 , 13.4, 21.6 , 23.3 and 25.396 more chlorophyl l , 
r e s p e c t i v e l y . Among the d i f f e r en t TxV combinations, T^^V, 
showed bes t r e s u l t s , producing 21 .2 , 20.6 , 16.4, 14.8 and 26.396 
increase over T^xV^at 5, 7, 9, 11 and 13 DAS, respectively. 
4 . 2 . 2 . 5 Soluble carbohydrate content 
The p lan t s showed s i g n i f i c a n t response to the treatment 
in terms of t h e i r soluble carbohydrate content (Table 2 4 ) . Here 
a l s o , T^ proved to be most e f f ec t ive a t 5, 7, 9, 11 and 13 DAS, 
the respect ive increase over T<,, being 91 .2 , 111.7, 97 .8 , 
72.3 and 72.896. The second e f fec t ive concentra t ion was T, but 
the lowest concentra t ion of the vitamin i . e . Tp was l e a s t 
e f f e c t i v e . 
S ign i f i can t v a r i e t a l d i f ferences were observed a t a l l 
samplings, except a t 5 DAS. V^  possessed 6 .5 , 10.8, 6.5 and 
4.996 more soluble carbohydrate than V^ a t 7 , 9, 11 and 13 DAS, 
respectively. Treatment x v a r i e t y i n t e r a c t i o n was a l so 
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s i g n i f i c a n t a t a l l the s tages , except a t 5 DAS where T x^V^ 
proved bes t , giving 142.1, 112.5, 105.4 and 103.39^ more soluble 
carbohydrate than T x^V a t 7, 9, 11 and 13 DAS, r e spec t ive ly . 
4.2.2.6 Insoluble carbohydrate content 
Although p lan t s ra i sed from seeds t r ea ted with low l eve l 
of pyridoxine (T-) had more insoluble carbohydrate than the 
con t ro l (Table 2 5 ) , i t s content i n the r e s t of the p lan t s was 
general ly lower than in the check (T ) . A maximum increase of 
24 .5 , 31 .2 , 19.0, 21.0 and 17.7?^ was recorded in 1^, over T^, 
a t 5, 7,. 9, 11 and 13 DAS, r e spec t i ve ly . I t was c l e a r l y followed 
by T, a t 7 and 13 DAS, the per cent increase over the cont ro l 
was 19,5 and 12.23i, respec t ive ly whereas, a t remaining s tages 
i t s values were general ly a t par with T2. Insoluble carbohydrate 
content in the two v a r i e t i e s was s i gn i f i c an t l y d i f f e r en t a t 
5, 7, 9, 11 and 13 DAS, Y^  exh ib i t ing 9 .7 , 8 .7 , 11.4, 17.6 and 
3.996 higher values than V , r e s p e c t i v e l y . I n t e r ac t i on e f fec t 
of TxV was a lso s i g n i f i c a n t a t 5, 9, 11 and 13 DAS but there 
was no spec i f i c p a t t e r n , 
4 . 2 . 2 . 7 Soluble p ro te in content 
Soluble p ro t e in content in the p lan ts ra ised from t rea ted 
seeds showed s i g n i f i c a n t response a t a l l samplings (Table 26 ) . 
Maximum increase of 1.4, 1.9, 3 .0 , 3.9 and 4.8% over T was 
recorded-in T^. I t was c lose ly followed by T ( i . e . 1.0, 1.2, 
2 .0 , 2.0 and 2,3% more than the con t ro l ) a t 5, 7, 9, 11 and 13 
DAS, r e spec t ive ly . 
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Varietiea exhibited significant differences in their 
soluble protein content at 5, 7, 9, 11 and 13 DAS where the 
respective increase in V, over Vp was 0,9, 0.7, 1.0, 1,0 and 
1.2%. Treatment x variety interaction effect was also 
significant at 7, 9, 11 and 13 DAS where T^xV^ was most 
affective. 
4.2.2.8 Insoluble protein content 
Table 27 reveals that insoluble protein content in the 
plants increased significantly in response to seed treatment 
with pyridoxine. Insoluble protein content, gave maximum 
response to T-x which increased the level by 3.2, 3.9, 4,5, 2.9 
and 1.03^ , over T^  at 5, 7, 9, 11 and 13 DAS, respectively. 
Comparing the varieties, V had significantly higher 
protein level than V^, possessing 4.7, 4.4, 3.7, 2.5 and 6.29^  
higher values at 5, 7, 9, 11 and 13 DAS. Treatment x variety 
interaction effect was also significant where T,xV. again 
proved to be the best, increasing the level by 5.0, 5.8, 6.1, 
2.4 and 1.3% over T^xV^ at 5, 7, 9, 11 and 13 days stages. 
4 .2 .2 .9 Nitrogen content 
Here a l s o , T^ and Tg s i g n i f i c a n t l y increased ni t rogen 
content but T^ decreased i t in the shoot (Table 28 ) . T was 
most e f f ec t i ve , increas ing n i t rogen content by 16.5, 11.6, 
10.8 , 10.1 and 8.9%, over T^  a t 5, 7, 9, 11 and 13 DAS, 
r e spec t i ve ly . 
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Nitrogen content in the two v a r i e t i e s di f fered 
s i g n i f i c a n t l y . V^  possessed 11.9, 13.6, 13.8, 14.5 and ^3,S% 
higher values than Vg a t 5, 7, 9, 11 and 13 DAS, r e spec t ive ly . 
Treatment x va r i e ty i n t e r ac t i on e f fec t was s i g n i f i c a n t a t a l l 
the samplings, except a t 9 DAS. T^ 3<V^  proved to be most 
e f fec t ive ccwabination. 
4 .2 .2 .10 Phosphorus content 
.Phosphorus content in the shoot significantly increased 
in T3 and Tg but decreased in T^ (Table 29). At 5, 7, 9, 11 and 
13 DAS, T, proved best, the respective increase over T^ being 
23.2, 23.7, 16.5, 16.5 and 15.39^ . 
Considering varietal differences, V^ had 14,5, 13.2, 12.1, 
17.2 and 11.39^  higher phosphorus content than V^ at 5, 7, 9, 11 
and 13 DAS, respectively. Interaction effect of TxV was also 
significant at all the stages of growth where T^ c^V^  increased 
phosphoirus content in the shoot the most, the values being 27.8, 
29.5, 23.0, 19.8 and 18,59^  more than T^ xV-, at 5, 7, 9, 11 and 
13 DAS, respectively, 
4.2.2.11 Potassium content 
Tj and T^ possessed higher potassium content in the 
shoot, i t s l eve l was decreased in T^ (Table 3 0 ) . T^ was most 
e f fec t ive , increas ing i t by 16.4, 18 .1 , 13.4, 14.0 and 6.8?6 
over T^  a t 5. 7. 9, 11 and 13 DAS, r e spec t ive ly . On the other 
hand, the highest concentrat ion of the vitamin (T^) decreased 
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potassium content a t 5i 7, 9, 11 and 13 DAS the respect ive values 
being 4 . 5 , 3 .7 , 6 .7 , 6.3 and 6.9?i lower than those for T^. 
Var ie t i e s behaved d i f fe ren t ly as regards t h e i r potassium content . 
At 5, 7, 9, 11 and 13 DAS, respec t ive ly , V^  exhibi ted 2 .4 , 6 .5 , 
11.8, 8.1 and 11.39^ higher potassium content than V^. T x^V-, 
proved to be the most ef fec t ive combination r e su l t i ng in 
accumulation of 22.9, 26.4, 14.6, 2.1 and 15.29< higher potassium 
than T x^V^ a t the above five respect ive samplings. 
4,3 Experiment 3 
The consistency of the e f fec t of the t reatment , noted in 
Experiment 2, was tes ted fur ther in the same two t r i t i c a l e 
v a r i e t i e s . The samples were taken from 15 to 30 DAS a t an 
inverval of 5 days. The observations are given in Tables31-49 
and are b r i e f ly described below: 
4 ,3 .1 Growth c h a r a c t e r i s t i c s 
Moat of the zx>ot and shoot c h a r a c t e r i s t i c s were affected 
s ign i f i can t ly by the treatment (Tables 31-38) . 
4 ,3 .1 .1 (A) Root c h a r a c t e r i s t i c s 
As i s evident from Tables 31-34, a l l the root 
c h a r a c t e r i s t i c s studied were favourably affected by the treatment, 
A b r i e f descr ip t ion of each of the c h a r a c t e r i s t i c s i s given 
belowt 
93 
4 .3 .1 .1 .1 Root length per p lan t 
The p lan t s ra ised from pyridoxine t rea ted seeds possessed 
longer roots than the control (Table 31 ) . At a l l the stages of 
growth ( i . e . 15, 20, 25 and 30 DAS), T^ proved most e f f e c t i v e , 
r e su l t i ng in an increase in root length of 18.4, 19.7, 18.2 and 
19.29i over T . I t was followed by T, in i t s e f f ec t with T^ 
proving l e a s t e f f e c t i v e . The two v a r i e t i e s d i f fered s i gn i f i c an t l y 
in t h e i r response, V.^  had 9.0, 8 .5 , 9 .6 , 10.696 longer roots 
than Vg a t 15, 20, 25 and 30 DAS, r e spec t ive ly . The bes t TxV 
in t e r ac t i on e f f ec t was recorded in T,xV., giving 16.4, 17.5, 
17.7 and 21 A% higher values than T x^Y^ a t 15, 20, 25 and 30 DAS, 
respec t ive ly . 
4 .3 .1 .1 .2 Root number per p lan t 
The p lan t s ra ised from t rea ted seeds possessed more 
roots than the cont ro l (Table 3 2 ) . T, was most e f fec t ive , 
giving 13.9, 13.5 and 17.09C more roots than T^  a t 15, 25 and 30 
DAS, r e spec t ive ly . However, a t 20 DAS the number of roots in 
a l l the p lan ts was a t par with T^  . In general , no s i gn i f i c an t 
difference was observed in the number of roots in the two 
v a r i e t i e s . Treatment x va r i e ty i n t e r a c t i o n was s i g n i f i c a n t a t 
15 and 25 DAS only, where T^xV^ proved bes t , giving 16,7 and 
33»0% Increase , respect ive ly over T^xV^. 
4 . 3 . 1 . 1 . 3 Fresh weight of root per p lan t 
The treatment s i gn i f i c an t l y increased root fresh weight 
a t a l l the stages (Table 33 ) . T^ gave the maximum increase 
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(29.9, 3 4 . 1 , 52.6 and 40.196 over T^) a t 15, 20, 25 and 30 DAS, 
r e spec t ive ly . 
Var ie ta l differences were s ign i f i can t a t a l l the s tages 
(15, 20, 25 and 30 DAS) where the respect ive increase in V^  
over Vg was 21.2, 19.8, 14.0 and 17.0?6. In t e rac t ion of 
treatment with the va r i e ty was a l so s i gn i f i c an t a t a l l the 
s t a g e s . 1^3(7-, showed bes t r e s u l t s exhib i t ing 37 .8 , 42,4, 47.6 
and 44,894 increase over T-,xV-, a t 15, 20, 25 and 30 DAS, 
r e spec t ive ly , 
4 , 3 . 1 . 1 , 4 Dry we light of root per p lan t 
'Root dry weight increased s ign i f i can t ly in the p lants 
ra ised from pyridoxine t rea ted seeds (Table 3 4 ) . At 15, 20, 25 
and 30 DAS, maximum increase in dry matter was recorded in T , , 
which was 2 7 . 1 , 32.4 , 37.5 and 35.396 more, respec t ive ly than 
the con t ro l . In general , T. proved l e a s t e f f e c t i v e . 
The two v a r i e t i e s d i f fs red s ign i f i can t ly in dry matter 
production by t h e i r r o o t s . An increase of 20,0, 20 .3 , 16.7 and 
18.494 was noted in Y^  than Vg a t 15, 20, 25 and 30 DAS, 
r e spec t ive ly . Treatment x v a r i e t y i n t e r a c t i o n was a l so 
s i g n i f i c a n t , T x^Y^ produced 36 ,7 , 42 ,1 , 48,5 and 41.096 more 
root dry matter , respect ively than T^xY^ a t the four samplings. 
4 .3 .1 .2 (B) Shoot c h a r a c t e r i s t i c s 
The p lan t s developed from the seeds t rea ted with 
pyridoxine so lu t ion had b e t t e r a e r i a l growth (l&bles 35-38) . 
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A.3,1.2,1 Shoot length per p l an t 
The seeds soaked in var ious concentrat ions of pyridoxine 
so lu t ion produced t a l l e r p lan ts than the con t ro l (Table 35 ) . 
At 15» 20, 25 and 30 DAS maximum respect ive increase over T^  
(21,7, 22,6, 18.4 and 25.69i) in p l an t height was recorded in 
T, . I t was followed by T, in i t s e f fec t ; but T., in general , 
did not prove b e n e f i c i a l . 
Both the v a r i e t i e s responded d i f f e ren t ly to the treatment 
a t most of the stages of growth. V^ produced t a l l e r p lan ts 
than V^, the increase being 2 .6 , 2.9 and 6,8?6 a t 20, 25 and 30 
DAS, r e spec t ive ly . Considering i n t e r ac t i on e f f ec t of treatment x 
v a r i e t y , aga ins t T^xY^, a t 15 and 30 DAS, the respect ive values 
for TjxV^ were 37.6 and 32.79^ more. 
4 ,3 ,1 ,2 ,2 Leaf area per p lan t 
Table 36 reveals t ha t the p lan ts raised from the seeds 
t r ea t ed with pyridoxine had more leaf area than the c o n t r o l . 
At a l l samplings (except a t 25 DAS), maximum increase over T^  
(17.7, 36.6 and 20.3%) was noted in T, a t 15, 20 and 30 DAS, 
r e spec t ive ly . T, was followed by Tg in i t s e f f ec t a t most 
of the s t ages . In general , the highest concentrat ion of 
pyridoxine (T^) proved i n h i b i t o r y . 
V^  had more leaf area than Vp a t a l l growth s tages , 
except a t 25 DAS. The respect ive increase in V over V , a t 
15, 20 and 30 DAS was 39.0, 73.5 and 40.5?6. As regards TxV 
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i n t e r ac t i on e f fec t , a t most of the stages ( i . e . 15» 20 and 
30 DAS) V^  responded bes t with T, increasing leaf area by 18.7, 
43.6. and 23.1?^ as compared with T.jXV .^ 
4 .3 .1 .2 .3 Fresh weight of shoot per p lan t 
Shoot fresh weight of the p lants ra ised from pre - t r ea ted 
seeds increased s ign i f i can t ly (Table 37) . T^ proved most 
e f fec t ive enhancing the fresh weight by 20.0, 30 .6 , 38.5 and 
35.89i over the cont ro l a t 15, 20, 25 and 30 DAS, r e s p e c t i v e l y . 
I t was followed by T^ in i t s e f f e c t . 
The two v a r i e t i e s exhibi ted s i g n i f i c a n t di f ferences a t 
15, 20, 25 and 30 DAS. V^  possessed 29.4, 2 5 . 1 , 15.0 and 18.59^ 
more fresh weight than Vg a t respect ive samplings . Considering 
in t e r ac t ion e f f ec t , T,xV^ proved bes t , showing 33 .3 , 44,0, 39.1 
and 44.496 increase in fresh weight of shoot over T x^V^ a t 15, 
20, 25 and 30 DAS, jrespectively. 
4 .3 .1 .2 .4 Dry weight of shoot per p lan t 
Like fresh weight, dry weight of the shoot was 
s ign i f i can t ly affected by the treatment (Table 38 ) . Maximum 
increase of 21.0 , 27.9, 31.3 and 35.6% over T<, was recorded in X3 
a t 15,20, 25 and 30 DAS, r e spec t ive ly . The maximum concentrat ion 
of pyridoxlne used for soaking (T^) general ly proved a t par 
in i t s e f fec t with T^. 
Among the two v a r i e t i e s , V^  was more responsive a t a l l 
the sampling stages (15, 20, 25 and 30 DAS), respect ive Increase 
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being 28.2, 23.0 , 21.3 and 19.2?^, over V^. The same var ie ty 
(V^ ) had bes t i n t e r ac t i on e f fec t with T^ increasing dry weight 
by 35.6 , 3 8 . 1 , 39.9 and 44.lX over T x^V^ a t 15, 20, 25 and 30 DAS, 
respec t ive ly . 
4 .3 .2 Chemical analys is 
The p lan t samples were chemically analysed. The r e s u l t s 
obtained have been given in Tables 39-49 and are b r i e f l y 
described below: 
4 .3 .2 .1 Pvridoxine content of the shoot 
' At a l l the stages of growth s tudied, the p lan ts developed 
from t rea ted seeds possessed more vitamin than the cont ro l 
(Table 39) , T^ giving highest values (35.5, 28.6, 28.3 and 21.936 
more than T^) a t 15, 20, 25 and 30 DAS, r e spec t i ve ly . 
Variety V^  had s ign i f i can t ly higher pyridoxine content 
than V2 a t a l l the s t ages . In t e rac t ion e f fec t of TxV was a lso 
s i g n i f i c a n t . T x^V^ exhibited an increase of 34.0 , 33 .4 , 32.2 and 
20.096 over T x^Y^ a t 15, 20, 25 and 30 DAS, r e spec t i ve ly . 
4 .3 .2 .2 Ni t ra te reductase a c t i v i t y 
The e f fec t of the treatment on n i t r a t e reductase a c t i v i t y 
(NRA) in the shoot, a t a l l the s t ages , was s i g n i f i c a n t (P<0.05) 
(Table 40) . The treatments di f fered s i gn i f i c an t l y from each 
other in t h e i r e f f e c t . T^  gave maximum increase a t 15, 20, 25 
and 30 DAS, the respective values being 34.0 , 23.7 , 28.7 and 
31.096 more than for T^. The h ighes t concentrat ion of pyridoxine 
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(T,) proved inh ib i to ry in terms of NRA, a t the ear ly s tages 
(15 and 20 DAS) but , as the growth progressed, the enzyme 
a c t i v i t y increased s ign i f i can t ly over the cont ro l and equalled 
the e f fec t of T^  a t 25 and 30 DAS. 
Among the v a r i e t i e s V^  exhibi ted 20 .1 , 15.A, 10.5 and 
11.4% more NRA than ^^ a t 15, 20, 25 and 30 DAS and in te rac ted 
be s t with T, exh ib i t ing 41.6, 22.6 , 28.1 and 23.8?^ more NRA 
than T x^V^ a t the four samplings, r e spec t ive ly . 
4 .3 .2 .3 Catalase a c t i v i t y 
Pre-sowing seed soaking with pyridoxine s i gn i f i c an t l y 
increased the ca ta lase a c t i v i t y in the shoot a t a l l the stages 
(Table 4 l ) . Maximum increase of 15.5, 14.7, 32.4 and 20,0?4 
over T^  was recorded in T^ a t 15, 20, 25 and 30 DAS, r e spec t ive ly . 
As regards v a r i e t a l d i f ferences , V^  hnd nn Qdfio, n t 15 
and 25 DAS only, showing 1.8 and 4,3?^ more enzyme a c t i v i t y than 
^2-
Considering TxV e f fec t , T x^V^ proved bes t , giving 18.1 
and 12.0?6 more ca ta lase a c t i v i t y than T x^V^ a t the two ea r ly 
stages of growth ( i . e . 15 and 20 DAS), whereas, a t the l a t t e r 
s tages , i . e . 25 and 30 DAS, maximum increase of 47.9 and 3,3% 
over T^xV^, was noted in T,xV . 
4.3.2.4 Total chlorophyll content 
The p lan t s ra ised from pyridoxine t rea ted seeds had more 
chlorophyll than, cont ro l a t a l l the s tages of growth (Table 4 2 ) . 
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Maximum values were recorded for T-, which increased the levels 
by 34.7, 33 .0 , 31.5 and 22.496 over T^  a t 15, 20, 25 and 30 DAS, 
respec t ive ly . I t was followed by T^ in i t s e f f ec t , bu t the 
highest concentrat ion of pyridoxine (T^) proved l e a s t e f f e c t i v e . 
Var ie ta l differences were s i g n i f i c a n t . At 15, 20, 25 
and 30 DAS, V proved to be more responsive, possessing 27 .3 , 
28 .8 , 25.8 and 24.89i more chlorophyl l , respec t ive ly than Vp. 
Among the d i f fe ren t TxV combinations, T,xV^ showed best r e s u l t s 
a t a l l the stages mentioned above, the respect ive increase being 
38 .3 , 37.6, 36.0 and 30.5?^ over T^xV^. 
4 ,3 .2 .5 Soluble carbohydrate content 
The p lan t s showed s ign i f i c an t response to the treatment 
in terms of t h e i r soluble carbohydrate content (Table 43) . Here 
a l so , T, proved to be the bes t treatment a t a l l the stages of 
growth studied ( i . e . 15, 20, 25 and 30 DAS), the respective 
increase over T^  was 57.4, 48.7, 42.4 and 35.7?6. The second 
ef fec t ive concentrat ion was T, and the lowest concentrat ion of 
the vitamin (Tp) was l e a s t e f f ec t i ve . 
S igni f icant v a r i e t a l diffferences' were observed a t a l l 
the s tages ,except a t 15 DAS. V^  possessed 8 .5 , 7.7 and 6.996 
more soluble carbohydrate than Vp a t 20, 25 and 30 DAS, 
r e spec t ive ly . 
Treatment x va r ie ty i n t e r a c t i o n was a l so s ign i f i can t a t 
a l l the s tages , except a t 15 DAS. T^^ V^ proved bes t giving 
67.3 , 58,6 and 49.496 more soluble carbohydrate than T.xV. a t 
20, 25 and 30 DAS, respec t ive ly . 
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4 .3 .2 .6 Insoluble carbo-hydrate content 
The p lan ts raised from the seeds t rea ted with lower 
leve ls of pyridoxine (!_ and T,) had more insoluble carbohydrate 
than the control (Table 44) . MaxL-num increase of 16.0, 14.4, 
21 .8 , 21.5% and 16.9, 13.9, 15.9, 16.3?6 was recorded in T^ and 
Tg a t 15, 20, 25 and 30 DAS, respec t ive ly . 
The two v a r i e t i e s possessed s ign i f i can t ly d i f fe ren t 
concentrat ions of insoluble carbohydrate a t 15, 20, 25 and 
30 DAS, where V^  exhibi ted 4 .2 , 3 .2 , 3.1 and 1.7% higher values 
than Vp. Treatment x va r i e ty i n t e r ac t i on e f fec t was also 
s i g n i f i c a n t . At 15 DAS an increase of 14.6% was recorded in 
TpXV. whereas, a t the r e s t of the stages ( i . e . 20, 25 and 30 DAS) 
T,xV. proved bes t giving 13 .3 , 18.5 and 15.6% increase over 
4 .3 .2 .7 Soluble protein content 
The p lan ts exhibited s i gn i f i c an t response to the 
treatment, in terms of t h e i r soluble pro te in content (Table 4 5 ) . 
The lower l eve l of the vitamin (T^) s i gn i f i can t ly increased 
the soluble pro te in content ( i . e . 4 . 5 , 4 .6 , and 5.2% more than 
T-, a t 15, 20 and 30DAS, respect ive ly ; but the highest 
concentrat ion (T^) decreased i t by 0 .6 , 0 .6, 0.9 and 1.5% over 
T>^ , a t 15, 20, 25 and 30 DAS, r e spec t ive ly . 
Var ie t i e s had s ign i f i can t difference in t h e i r soluble 
pro te in content a t 15, 20, 25 and 30 DAS where the respect ive 
increase in V^  over V^  was 1.5, 1.8, 1.9 and 2.0?^. 
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Treatment x va r i e ty in t e rac t ion e f fec t was a lso s i gn i f i c an t 
a t 15, 20, 25 and 30 DAS, T x^V^ proving the most ef fec t ive 
combination. 
4 .3 .2 .8 Insoluble pro te in content 
Table A6 reveals a s i gn i f i c an t increase in the insoluble 
p ro te in content of the shoots of p lants raised from seeds 
t rea ted with the lower levels of the vitamin (Tp and T , ) , but 
the highest concentrat ion ( T , ) decreased i t . Throughout the 
course of the inves t iga t ion , except a t 25 DAS, the order of 
e f f e c t i v i t y of treatments was T,>T2>T^>T^ . Insoluble p ro te in 
content i n T-j was increased by 1.5, 3.6 and 5.3?^ over T^  a t 
15, 20 and 30 DAS, r e spec t ive ly . 
Comparing the two v a r i e t i e s , V^  had s ign i f i can t ly higher 
insoluble pro te in leve l than V^ a t 15, 20, 25 and 30 DAS 
( i . e . 6 .5 , 6 .6 , 5.3 and 6.6?6, r e spec t ive ly ) , T^xV- proved to 
be the bes t combination exhib i t ing an increase of 1.9, 3,4 and 
6.19< over T x^V^ a t 15, 20 and 30 DAS, respec t ive ly , a t which 
i t s e f fec t was s i g n i f i c a n t , 
4 .3 .2 .9 Nitrogen content 
Treatment a lso affected the leaf ni t rogen content 
s ign i f i can t ly (Table 47) . Maximum increase of 10.5, 22.4, 
15,8 and 12.8% was noted in T over T^  a t 15, 20, 25 and 30 DAS, 
respec t ive ly . S igni f icant v a r i e t a l differences were obser^ed.V. 
proved be t t e r than V possessing 11.6, 5 .7, 11.1 and 13.5% more 
nitrogen a t 15, 20, 25 and 30 DAS, r e spec t ive ly . TxV in t e rac t ion 
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values were significant at all the growth stages. T^ V^^  proved 
optimum giving 10.9, 32.8, 25.0 and 21.2?^  higher values than 
T^xV^ at 15, 20, 25 and 30 DAS, respectively. 
4.3.2.10 Phosphorus content 
A s ign i f i can t increase in leaf phosphorus content was 
recorded in p lan t s ra ised from seeds t rea ted with the lower 
concentrations of the vitamins (Table A8). At 15, 20, 25 and 
30 DAS samplings T.. proved bes t , the respect ive increase 
being, 16.4, 17.0, 15.2 and 12.6^ over T^  and was followed 
by T2 in i t s e f f e c t . 
Var ie ta l differences were s ign i f i can t a t a l l the stages 
( i . e . 15, 20, 25 and 30 DAS), where V^  had 8.6, 7 .8 , 9.5 and 
15.19^ more phosphorus content than Vp, r e spec t ive ly . In te rac t ion 
e f fec t of TxV was a l so s ign i f i can t a t a l l the s tages of growth. 
T,xV. exhibited maximum phosphorus content , the values being 
18.4, 15.3 , 11.2 and 11.09^ more than in T x^V^ a t 15, 20, 25 and 
30 DAS, respec t ive ly . 
4.3.2.11 Potassium content 
Like other parameters, leaf potassium content a lso 
responded s ign i f i can t ly to the pyridoxine app l i ca t ion (Table 49) . 
A maximum increase of 13.9, 15.4, 14.2 and 15.4?6 over T^  was 
recorded in T^ a t 15, 20, 25 and 30 DAS, r e spec t ive ly . T 
proved medium in i t s e f fec t whereas, T/ was l e a s t e f f ec t ive , 
giving only 2 .9 , 4 . 3 , 4.6 and 4.19^ more potassium content than 
T^  a t the above four samplings, i ^ spec t ive ly . 
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A3 regards v a r i e t a l d i f ference? , both the v a r i e t i e s 
differed c r i t i c a l l y and s i g n i f i c a n t l y . V^  r eg i s t e red 12.9, 
15.2, 18.3 and 15.5% higher values than V^ a t 15, ?0,> 25 and 
30 DAS, r e spec t ive ly . TxV in t e rac t ion e f fec t was s ign i f i can t 
a t a l l samplings, except 15 DAS. T x^V^ gave 16.6, 11.2 and 
10.4?^ more potassium content than T x^V^ a t 20, 25 and 30 DAS, 
r e spec t ive ly . 
4.4 Experiment 4 
This experiment was conducted with the aim to assess the 
y ie ld ing a b i l i t y of the plants ra ised from p re - t r ea t ed seeds 
of the same two v a r i e t i e s of t r i t i c a l e employed in the e a r l i e r 
experiments. The scheme of the t reatments , soaking duration 
and other conditions remained the same as in Experiment 2, 
except the s ize of the po t s . The observations are given in 
Tables 50-65 and are b r i e f ly described below: 
4.4.1 Growth c h a r a c t e r i s t i c s 
The growth c h a r a c t e r i s t i c s of root and shoot were 
recorded a t 45, 60, 75 ( t i l l e r i n g s t a g e ) , 90 (heading s tage) and 
105 DAS (milky seed s tage) the y ie ld a t t r i b u t e s were noted a t 
harvest i . e . a t 145 DAS. 
4.4.1 .1 (A) Root c h a r a c t e r i s t i c s 
Root fresh and dry weights were s i gn i f i c an t l y affected 
by the t reatment . The data are given in Tables 50 and 51 and 
are b r ie f ly described below: 
104 
4 .4 .1 ,1 .1 Rr-esh weight of root per p lant 
In general , the higher concentrat ions of the vitamin 
proved to be more effect ive in enhancing the fresh weight of 
the root (Table 50) . At 45 DAS, T, gave maximum response whereas, 
a t l a t t e r s tages of growth ( i . e . 60, 75, 90 and 105 DAS) the 
response shif ted to the highest concentrat ion (T^). The increase 
in fresh weight of root in T^ was 47.9, 39 .4 , 50.0 and 35.3?6 
over T^, r e spec t ive ly . 
At a l l the five samplings, V^  had s ign i f i can t ly higher 
values than ^^, the increase in V^  over V^ being 19.7, 16.9, 
22.5 , 19.2 and 31.356 a t 45, 60, 75, 90 and 105 DAS, r e spec t ive ly . 
TijxV^ in general proved to be the most e f fec t ive combination and 
exhibi ted 51.3, 44 .3 , 59.8 and 38.5?< higher root fresh weight 
than T^xV^ a t 60, 75, 90 and 105 DAS, r e spec t ive ly . 
4.4,1,1..2 Dtv weight of root per p lant 
As i s evident from Table 51, s ign i f i can t increases in 
the dry weight of root were observed a t every s t a g e . T, gave 
maximum values which were 24.2, 32.2 , 39.2, 36.8 and 40.296 
higher than those for T^  a t 45, 60, 75, 90 and 105 DAS, 
respec t ive ly . I t was followed by T^  in i t s e f fec t where the 
respect ive increase a t the five d i f f e ren t samplings was 23.5, 
22.9, 3 7 . 1 , 27.1 and 36.0?6 over T^. 
S igni f icant ly higher values ( i . e . 17.9, 21.4, 17.0, 21.3 
and 24.156 more) were noted in V^  than in V a t 45, 60, 75, 90 
and 105 DAS, r e spec t ive ly . The i n t e r ac t i on e f fec t was s ign i f i can t . 
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T x^V^ exhibited 37.9, 43,6, 45.1 and 40.4^ more dry weight than 
T x^V^ a t 60, 75, 90 and 105 DAS, respec t ive ly . However, a t 
45 DAS, T^xV., was be s t . 
4 ,4 ,1 .2 ( B ) Shoot c h a r a c t e r i s t i c s 
Shoot c h a r a c t e r i s t i c s responded s ign i f i can t ly to the 
treatment a t almost a l l the s tages of growth (Tables 52-55). 
4 .4 .1 .2 .1 T i l l e r number per p lan t 
T i l l e r d i f fe ren ta t ion noted a t a l l the s t ages , except 
45 DAS (Table 52) was s ign i f i can t ly affected by the t rea tment . 
At 60, 75, 90 and 105 DAS, the maximum number of t i l l e r s was 
recorded in T,, the respect ive increase being 5.6, 40.5 , 38.0 
and k3,5% over T^  . I t was followed by T, in i t s e f fec t whereas, 
Tp proved to be the l e a s t e f f ec t i ve . 
Var ie ta l differences were s ign i f i can t , but a t 45 DAS, 
the value was non-s ign i f ican t . V.j possessed more t i l l e r s a t 
a l l the stages, except a t 60 DAS. The values for V.j were 5.8, 
4.2 and 12.6% higher than ^^ ^^ 75, 90 and 105 DAS, r e spec t ive ly . 
Treatment x va r i e ty i n t e r a c t i o n was s i g n i f i c a n t only 
a t the l a t t e r stages ( i . e . 75, 90 and 105 DAS) where T, in te rac ted 
bes t with V^ a t 75 and 105 DAS and with V^  a t 90 DAS. 
4 .4 .1 .2 .2 Leaf number per p lan t 
The p lan t s ra ised from t rea ted seeds bore more leaves 
than the cont ro l (Table 53) . Maximum increase of 51.0, 32 .9 , 
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37.5 , 31.5 and 37.396 was recorded in T^ over T^  a t A5, 60, 75, 90 
and 105 DAS, r e spec t ive ly . T^  yielded 41.2, 20.3 , 25.0, 22.6 and 
25.496 more leaves than T^  a t the five respect ive stages mentioned 
above. However, T , the lowest concentrat ion of pyridoxine used, 
proved l e a s t e f f e c t i v e . 
Variety V^  had s i gn i f i c an t l y more leaves than V2 a t 45, 
60, 75, 90 and 105 DAS, the values being 16.7, I6 .0 , 18.0, 19.7 
and 16,2?6 higher over V2, r e spec t i ve ly . 
As regards treatment x va r i e ty i n t e r a c t i o n , ! , xV^  
reg i s te red maximum increase . The values were 51.9, 35.7 , 40.6, 
34.6 and 47.55^ higher than T-,xV^ a t 45, 60, 75, 90 and 105 DAS, 
r e spec t ive ly . 
4 .4 .1 .2 .3 Shoot length per p lan t 
Growth of the shoot was s ign i f i can t ly affected by the 
treatment only a t the ear ly stages of growth i . e . 45 and 60 DAS 
(Table 54). A maximum increase of 4.1,and k,U% over T^  was 
noted in T^ a t the two respect ive stages mentioned above and 
was follov/ed by T, . At these two respective samplings Vp had 
t a l l e r p l an t s , the values being 9.5 and 59.0?6 more than tha t 
for V^. 
4 .4 .1 .2 .4 Fresh weight of shoot per plant 
At a l l the samplings, fresh weight of the shoot was 
s ign i f i can t ly affected by the treatment (Table 55) . T,, in 
general , proved super ior , exh ib i t ing 30.0, 36.9, 46.6 and 16.5% 
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more values than T^  a t 60, 75, 90 and 105 DAS, r e spec t ive ly . 
I t was followed by T, where the increase was 30 .1 , 27 .3 , 27.6, 
37.8 and 11.1% over T^, a t A5, 60, 75, 90 and 105 DAS, 
respec t ive ly . Among the two v a r i e t i e s , V^  possessed 21.5 , 27.9, 
20,0, 17.4 and 10,5% more fresh weight than V^ a t the above 
respective samplings. 
Treatment x va r i e ty i n t e r ac t i on ef fec t was highly 
s ign i f i can t a t most of the s tages ( i . e . 60, 75, 90 and 105 DAS) 
T x^Y^ proved bes t , exhib i t ing 29 .3 , 39.0, 50,0 and 17.9% higher 
values than T^yM^f r e spec t ive ly . 
4 , 4 .1 .2 .5 Dry weight of shoot per p lant 
Shoot dry weight was a lso affected s i gn i f i c an t l y by the 
treatment a t a l l the stages a t which the samples were taken 
(Table 56) . At ear ly stages of growth i . e . 45 and 60 DAS, T, 
increased the values the most. However, as growth progressed, 
maximum response was observed with T, which gave 31.7 , 48.4, 
and 50.8% more dry weight than T. a t 75, 90 and 105 DAS, 
r e spec t ive ly . T, followed T^ in i t s e f fec t a t a l l the l a t t e r 
s t a g e s . 
Var ie ta l differences were very prominent a t a l l the 
s t ages . V^  possessed 19.8, 21.9, 27.6, 27.4 and 27.2% more dry 
weight than Vg a t 45, 60, 75, 90 and 105 DAS, r e spec t ive ly . 
Treatment x va r ie ty i n t e r ac t i on e f fec t was s ign i f i can t only a t 
45, 90 and 105 DAS. At 45 DAS, T,xV^ proved best whereas, a t 
the remaining stages T,xV-| had maximum va lues . 
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4.4 .2 Net ass imi la t ion ra te (NAR) 
Dry matter production per un i t area per un i t time was 
s ign i f i can t ly affected by the treatment, studied from 3 0 to 
105 DAS a t an In t e rva l of 15 days (Table 57) . The p lan ts ra i sed 
from the seeds t rea ted with T, exhibited highest r a t e of 
ass imi la t ion showing an increase of 20.7, 30.2, 3 6 . 1 , 29.3 and 
21A% over T^  noted a t 30-45, 45-60, 60-75, 75-90 and 90-105 DAS. 
The other two pyrldoxine treatments (T^ and T2) a l so enhanced 
NAR, T^ being more effect ive than T^, 
The two v a r i e t i e s differed s ign i f i can t ly from each other , 
as regards t h e i r NAR. V. possessed higher r a t e of a s s imi la t ion 
exhib i t ing 11 .1 , 4 .7 , 2 .9 , 8.2 and 8.7?^ higher r a t e than V^ 
a t the five samplings, respect ively mentioned above. Treatment x 
va r i e ty i n t e r ac t i on e f fec t was s ign i f i can t a t most of the s tages , 
V. Interacted best with T-j a t 30-45 DA3 whereas, a t 45-60, 
60-75, 75-90 and 90-105 DAS T^ c^V^  proved b e s t . 
4 .4 .3 Chemical analys is 
The p lan ts sampled a t 45, 60, 75, 90 and 105 DAS were 
subjected to chemical a n a l y s i s . The data are pjven in 
Tables 58-62 and are br ie f ly described below; 
4,4.3»1 Nitrate reductase a c t i v i t y 
The l eve l of n i t r a t e reductase a c t i v i t y (NRA) in the 
fresh leaves of the p lan ts ra ised from t rea ted seeds was 
s ign i f i can t ly higher than in the control (Table 56) . At a l l 
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the stages ( i . e . 45, 60, 75, 90 and 105 DAS), T^ enhanced NRA 
most e f f ec t ive ly . The increase was 15.6, 14.9, 59 .5 , 37.2 and 
27.596 over T^  a t the five respect ive samplings. Treatment, T-j 
a l so s ign i f i can t ly increased the leve ls of NRA a t the five 
above samplings, the respect ive values being 8 ,0 , 11.4, 25.7 , 
23.8 and 12.83^ more than those noted in T. , 
Var ie t ies differed s ign i f i can t ly in t h e i r NRA l e v e l s . 
V possessed 33.5, 17.3, 24.7, 30.2 and 12.6% more NRA than 
Vp a t 45, 60, 75, 90 and 105 DAS, r e spec t ive ly . The i n t e r ac t i on 
e f fec t of TxV was a l so s i g n i f i c a n t . T,xV^ proved bes t , exhib i t ing 
16.7, 16.2, 46.8 , 45.9 and 28.796 increase over T x^V^ a t the 
above five samplings, r e spec t ive ly . 
4 ,4 ,3 .2 Ni t ra te content 
The treatment s ign i f i can t ly elevated the leve l of 
n i t r a t e in the p lan ts (Table 59) . At a l l five s tages ( i . e . 
45, 60, 75, 90 and 105 DAS), T^ enhanced the l eve l most, the 
respect ive values being 16.1 , 14,0, 16,0, 38.4 and 27.8?6 more 
than in T^. V^  differed s ign i f i can t ly in i t s n i t r a t e content 
and possessed 3 .8 , 4.2, 7.9, 19.7 and 5.5X more n i t r a t e than 
V2 a t 45, 60, 75, 90 and 105 DAS, r e spec t ive ly . Among the 
treatment x v a r i e t i e s i n t e r a c t i o n s , T x^V^ exhibi ted 17 .1 , 15.3, 
14.6, 45.3 and 28.496 increase 3n leaf n i t r a t e than T x^V a t the 
above five samplings, r e spec t ive ly . 
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4 .4 .3 .3 Nitrogen content 
Nitrogen content in the plants raised from t reated seeds 
was s ign i f i can t ly higher than In the control a t a l l the stages 
(Table 60) . Here a l so , T, proved to be the best treatment 
increasing the l eve l by 16.0, 14.0, 16.3, 38.9 and ?6.5?^ 
over T^  a t 45, 60, 75, 90 and 105 DAS, r e spec t ive ly . I t was 
follov/ed by T, In i t s e f f e c t . At a l l the s tages , except a t 3 
105 MS, ( i . e . 45, 60, 75 and 90 DAS), V^  had 3 . 3 , 1.7, 3.3 and 
12.9% higher ni t rogen content than V^* ^ regards the i n t e r ac t i on 
e f fec t , T x^V^ had 17 .1 , 15.3, 14.7, 46.7 and 28.75<more ni t rogen 
than T-jxV^ a t 45, 60, 75, 90 and 105 DAS, r e spec t ive ly . 
4 .4 .3 .4 Phosphorus content 
Table 6l reveals tha t the treatment s i gn i f i can t ly 
influenced the content of phosphorus in the leaves of t rea ted 
p l a n t s . When the treatments were compared with the con t ro l , 
T3 gave 3 8 .1 , 21 .3 , I 6 .8 , 14.3 and 4.09^ higher values a t 45, 60, 
75, 90 and 105 DAS, r e spec t ive ly . Considering v a r i e t a l di f ference, 
a t every stage V.^  possessed higher values of phosphorus content 
than V2, the differences being 13.3, 22.0, 2 .0 , 18.8 and 34.79^ 
a t 45, 60, 75, 90 and 105 DAS, r e spec t i ve ly . Among the 
treatment x va r i e ty i n t e r ac t i ons , T,xV^ proved most e f fec t ive 
and exhibited 12.93, 2 0 . 1 , 24.7 , and 33 >0% increase over T x^V^ 
a t 45, 60, 90 and 105 DAS, respec t ive ly , the i n t e r ac t i on 
ef fec t being ins ign i f i can t a t 75 DAS. 
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4 .4 .3 .5 Potassium content 
Signif icant increases in the levels of potassium content 
were observed a t every stage (Table 62 ) . T^  gave 8.2, 6 . 1 , 9 .5 , 
14.3 and 18.396 more potassium content than T^  a t 45, 60, 75, 
90 and 105 DAS, respec t ive ly . C r i t i c a l l y d i f f e ren t and 
s ign i f i can t values were obtained for v a r i e t a l d i f fe rence . V^  
possessed 3 .4 , 4 .6 , 5.4, 5.2 and 11.4?^ higher values than Y^ 
a t the above five stages ( i . e . 45, 60, 75, 90 and 105 DAS), 
r e spec t ive ly . As regards i n t e r ac t i on e f fec t , T^ ^^ V^  giving 
17.0, 11 .1 , 26.3 and 37.996 higher values over T^xV^, proved the 
best i n t e r a c t i o n , a t 45, 60, 90 and 105 DAS, r e spec t ive ly . 
However, a t 75 DAS, T^xV2, giving 14.296 more potassium content 
than T^xVp, proved the roost e f fec t ive i n t e r a c t i o n . 
4,4.4 Yield characteristics 
Signif icant response of the plants to the treatment was 
further re f lec ted in t he i r y ie ld c h a r a c t e r i s t i c s (Tables 63-65) . 
4 .4 .4 ,1 Ear number per p lan t 
The production of f e r t i l e spikes (ears) per p lant was 
s ign i f i can t ly affected by the treatment (Table 6 3 ) . Maximum 
increase of 23.6j6 over T^  was recorded in T, . Var i e t a l 
difference was s i g n i f i c a n t . V^  possessed 17.9^6 more ears than 
Vg. TxV in t e r ac t i on ef fec t , however, was i n s i g n i f i c a n t . 
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4%4.4.2 Length per ear 
The p lan t s ra ised fxx)m t rea ted seeds bore longer ears 
than the cont ro l (Table 6 3 ) . T^ increased the length most 
( i . e . 7.6% more than T^) which was followed by T, in i t s 
e f f ec t . Var ie t i es differed s ign i f i can t ly from each other in 
t h i s regard. V- had 3.65i longer ears than Vp and in terac ted 
bes t with T^. 
4 .4 .4 .3 Spikele t number per ear 
Spikelet number per ear responded s ign i f i can t ly to the 
treatment (Table 63) . The pa t t e rn of the response to d i f f e ren t 
treatments was almost the same as for other y ie ld c h a r a c t e r i s t i c s 
( i . e . r^>Tj>r2>T^). T^ exhibited an Increase of 23.9% over T^  . 
The spikes of V^  possessed 14.896 more sp ike le t s than Vp and 
in te rac ted best with T^, T^^^1 enhancing i t by 23.8% over T.xV^. 
4 .4 .4 .4 Ear weight per p lant 
Table 64 reveals t ha t the t o t a l weight of ears produced 
per p l an t increased s i gn i f i c an t l y in the p lan t s ra ised from 
t rea ted seeds than the con t ro l . 25.1% higher value was recorded 
in T^ than T^. T^ was followed by T, where the ear weight 
increased by 13.4% over T^  , Among the two v a r i e t i e s , V. had 
8.2% higher ear weight than Vp. 
4 .4 .4 .5 Seed number per ear 
This character was a l so favourably affected by the 
treatment (Table 64) , Highest concentrat ion of the vitamin (T,) 
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proved to be the most ef fec t ive ( i . e . 14.4?6 higher than T^). 
Other concentrat ions followed i t in the order: T!^>'^2' ^i 
had healthy seeds which were 5.9?6 more in number than Vp. 
4 .4 .4 .6 1,000 seed weight 
This character was favourably affected by the treatment 
(Table 64) , The highest concentrat ion of the vitamin (T,) 
proved to be the most effect ive ( i . e . 13.056 higher over T . ) . 
The other concentrat ion followed i t in the order: T >T2. V. 
had seedswhich weighed 6.356 more than those of Vp. 
4 .4 .4 .7 Seed y ie ld per pot 
As i s evident from Table 65» the response of seed 
y ie ld to the treatment was highly s i g n i f i c a n t . Maximum incjrease 
of 10,396 over T^  was recorded in T, . The o the r two treatments 
followed T^ in t he i r e f fec t in the order : T,>T2. Among the 
two v a r i e t i e s , V. yielded 8,8?6 more seeds per pot than Vp and 
in terac ted best with T^ enhancing the yie ld by 11.3>6 over T^xV^. 
4 .4 .4 .8 Straw yie ld per pot 
Table 65 reveals tha t , in terms of straw y ie ld , p lan ts 
raised from vitamin t rea ted seeds performed b e t t e r than the 
con t ro l . Maximum increase of 38.2% was reg i s te red in T,, 
whereas, T, gave 24.0% increase over T . The lowest 
concentrat ion of the vitamin (Tp) did not prove much e f f e c t i v e . 
Both the v a r i e t i e s exhibited s i gn i f i c an t difference in straw 
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y i e l d . V^  had 10.89^ more straw y ie ld than V , Among the 
TxV in t e r ac t i ons , T^xV^, producing maximum straw, gave 3^,3% 
higher value than T.xV.. 
Cliapttr - 5 
CHAPTER 5 
DISCUSSION 
With the ma tu ra t i on of seed begins the independence of 
the nex t g e n e r a t i o n of a p l a n t . The seed c o n t a i n i n g the new 
p l a n t i n m i n i a t u r e i s equipped with s t r u c t u r a l and p h y s i o l o g i c a l 
devices t h a t make i t f i t for i t s r o l e a s a d i s p e r s a l u n i t a s i t 
i s wel l p rov ided with r e s e r v e s which s u s t a i n the young p l a n t 
u n t i l a s e l f - s u f f i c i e n t , a u t o t r o p h i c organism can be e s t a b l i s h e d . 
Piowever, s u c c e s s f u l e s t a b l i s h m e n t of the p l a n t a f t e r genn ina t ion 
depends to a g r e a t e r e x t e n t on i t s r o o t sys tem, because 
i n c o r p o r a t i o n of water and i n o r g a n i c ions i n t o new c e l l u l a r 
m e t a b o l i t e s i s p o s s i b l e through t h e i r r ap id uptake by the 
r o o t s . 
B-vi tamins a r e known t o a c t as r o o t growth f a c t o r i n 
the e s t a b l i s h m e n t o f the p l a n t . Of t h e s e , the r o l e of 
pyr idox ine i n r o o t growth of graminaceous p l a n t s dese rves s p e c i a l 
mention (Almestrand, 1950; Flijiwara and OJima, 1954) , Most 
seeds posses s ample amount of p y r i d o x i n e . However, va ry ing r a t e s 
of i t s accumula t ion i n d i f f e r e n t seeds du r ing t h e i r formation 
e x e r t v a r y i n g e f f e c t s both on genn ina t i on and on the response 
r e a c t i o n o f the seeds to v a r i o u s i n f l u e n c e s (Strogonov and 
Genke l ' , 1976) . 
Pre-sowing enr ichment of the seed with pyr idoxine has 
been obseirved to improve ge rmina t ion in a number of s p e c i e s 
(Noggle Rnd Wynd, 19^3; Ovchnrov nnd Knllovn,1960; Ilnquo et nl . , 
1988).^ Pyr idoxine probably t r i g g e r s some h i t h e r t o unknown 
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physiological processes leading to an ear ly emergence of 
radicale accompanied with higher ra te of growth. The 
r e su l t an t luxur ian t root growth would na tura l ly be expected 
in turn to increase shoot growth and y i e l d , a t ha rves t . 
In the present study, data have been col lec ted to throw 
l i g h t on these aspects of pyridoxine e f f e c t . The physiological 
changes observed before and a f t e r the emergence of the radic le 
by pre-sowing seed treatment with pyridoxine are discussed 
below. I t may be recal led tha t the experiments were l a i d out 
according to the following plan; 
( i ) The seeds were soaked in graded so lu t ions of pyridoxine 
for 8 and 12 h and analysed for t h e i r pyridoxine, carbohydrate 
and pro te in contents and a-amylase and ca ta lase a c t i v i t i e s 
before the emergence of the r a d i c l e . 
( i i ) The seedlings ra ised from pyridoxine t rea ted seeds 
(soaked for 8 h only) were s tudied, a t d i f f e ren t s tages of 
growth, for various physiomorphological changes induced by the 
t reatment . 
( i i i ) Yield c h a r a c t e r i s t i c s were s t u d i e d , a t hai-vest. 
( i ) Physiological changes induced in the seeds by the treatment 
beforte the emergence of the rad ic le 
Before discussing the r e s u l t s , i t may not be out of 
place to mention here tha t the s e l ec t ion of the two v a r i e t i e s 
of t r i t i c a l e , namely. Tiger " S" and Muskox " 3 " was made on 
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the basis of e a r l i e r observations recorded by the author t ha t 
these v a r i e t i e s reacted d i f f e ren t ly to the pre-sowing treatment 
of seeds with pyridoxine (not reported he re ) . Therefore, i t 
looked imperative t h a t an understanding of these behavioural 
differences in the two v a r i e t i e s may be of grea t p r a c t i c a l as 
well as t h e o r e t i c a l importance. 
Most of the observations on the metabolic s t a t e of seed 
by e a r l i e r workers (Chrispeels and Vamer, 1967; Cohen and 
Paleg, 1967) were made many hours a f t e r imbibi t ion because the 
seeds were soaked for a comparatively longer dura t ion . They 
thus fai led to record the ear ly changes induced in the seeds by 
the pre-soaking t reatment . In the present study, therefore , 
the seeds of the two v a r i e t i e s of t r i t i c a l e were soaked in 
graded aqueous solut ions of pyridoxine hydrochloride for 8 and 
12 h (Experiment l ) and analysed chemically to obta in a c lea r 
p ic ture of the ear ly physiological changes. The data (Tables 
5-11) are discussed below: 
I r respec t ive of the treatment, pyridoxine l eve l in the seeds 
increased as germination progressed but the increase was more 
prominent in the seeds soaked in the vitamin s o l u t i o n s . The 
order of the e f f ec t i v i t y of the treatments was found to be 
T4>T5>T2>T^ (Tables 5a ,b ) . The vitamin content of the seed, 
thus, had a d i r e c t co r r e l a t ion with i t s l eve l in the soaking 
so lu t ion . I t may, therefore , be proposed tha t uptake of the 
vitamin by the seed i s a phys ica l , r a the r than a physiological 
process . Similar observations have been reported by Burkholder 
and McVeigh (1942) and Burkholder (1943). The increase in 
118 
pyridoxine content in water-soaked seeds with time might be due 
e i t h e r to i t s re lease from bound fomi or by de^  novo synthesis 
(Dagis, 1959). Among the v a r i e t i e s , V^  exhibited b e t t e r 
response than Vp probably because i t had a low leve l of native 
pyridoxine content (Table 4 ) , 
I t i s general ly agreed tha t , during germination of the 
seed, the developing embryo withdraws nu t r i en t s in the soluble 
form from the stored reserves in the seed (Bewley and Black, 
1983). In ce rea l gra ins , s t a rch , the reserve carbohydrate, i s 
acted upon by a-amylase which hydrolyses i t to the simpler 
soluble form i . e . glucose, tha t i s eas i ly metabolised by the 
growing embryo. The synthesis of the enzyme in the aleurone 
layer c e l l s , under normal condi t ions , i s i n i t i a t e d by 
g ibbe re l l i c acid secreted by the embryo or scutellum (Bewley 
and Black, 1983). The leve l of a-amylase in the seeds i s , 
however, elevated by soaking them in pyridoxine so lu t ion 
(Tables 8 a , b ) . The lower concentrat ions of the vitamin (Tp and 
T^) were more ef fec t ive than higher concentrat ion (T/) which 
thus , proved to be supraoptimal. Similar ly , o ther vitamins 
( r ibof lavin and n iac in) are known to e levate the l eve l of 
a-amylase in tomato seedlings ra ised from t rea ted-seeds by 
increas ing g ibbe re l l i c acid content (Rao e_t a l . , 1981); Another 
fac tor responsible for the increase in a-amylase a c t i v i t y 
might have been the involvement of pyridoxine as a co-fac tor in 
amino-transferase reac t ions , responsible for the synthesis of 
amino-acids, the building block of prote ins (Lehninger, 1982). 
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I t may, therefore , be suggested tha t pyridoxine e i t h e r pa r t l y 
replaced g ibbe re l l i c acid requirement or accelera ted i t s 
synthesis to increase the production of the enzyme. This 
would be expected na tura l ly to speed up the ra t e of hydrolysis 
of reserve carbohydrates and thereby, increase the soluble 
carbohydrate content a t the expense of insoluble carbohydrate 
(Tables 6a,b and 7 a , b ) . The proposi t ions get fur ther support 
from the s trong cor re la t ions noted between a-amylase a c t i v i t y 
and soluble and insoluble carbohydrate contents of t rea ted 
seeds (Table 66) . 
The a c t i v i t y of the other enzyme, c a t a l a se , i s known to 
be associated with the presence of glyoxysomes responsible for 
gluconeogenesis of l i p i d s in aleurone layer c e l l s (Jones, 1972), 
In the present study the leve l of the enzyme increased as 
germination advanced (Tables 9a ,b ) , confirming tlie findings of 
I t o and ifayashi (1961) and Palmiano and Juliano (l973) However, 
the increase was much more prominent in the seeds t rea ted with 
pyridoxine, espec ia l ly when soaked in 0.01% (T,) so lu t ion of 
the vitamin for 8 h (D^), The involvement of pyridoxine in the 
form of pyridoxal phosphate as a co-factor of «s-aminolevulinic 
acid synthetase in the oynthonis of cntn]nse, a porphyrin 
pro te in , (Kikuchi e t al_., 1958) may be considered as a posible 
explanation for the observations made in our s tudy. 
Among the two v a r i e t i e s t es ted , V^  had higher a-amylase 
and ca ta lase a c t i v i t i e s than Vp and in te rac ted best with the 
treatment T^ (Tables 8a,b and 9a ,b ) , probably due to i t s low 
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native pyridoxine content (1.528 and 1.639 Mg/g dry weight of 
seed, r e spec t i ve ly ) . Seed pyridoxine content per se may, 
therefore , be suggested to be one of the main c r i t e r i a to 
the response of a va r i e ty to pyridoxine t reatment . Bonner and 
Greene (1939) s imi la r ly proposed tha t leaf-vi tamin index 
determines the responsiveness of i n t a c t p lan t to the exogeneous 
supply of the vi tamin. 
At the onset of germination, s o l u b i l i s a t i o n of reserve 
prote ins l ike tha t of reserve carbodydrates, s t a r t s , because 
degradation of prote ins i s associa ted with f a s t e r ni t rogen 
break dov/n and i t s subsequent t rans loca t ion to the embryonic 
t i s sues (Bewley and Black, 1983). Expectedly, in the present 
study a l s o , the l eve l of soluble prote in increased and tha t of 
insoluble pro te in decreased; but t h i s observation was more 
pronounced in the seeds soaked in pyridoxine so lu t ion 
(Tables 10a,b and 11a ,b) . Similar observations have also been 
reported by Palmiano and Jul iano (1972). The synthesis of 
addi t iona l amounts of prote in from l ibera ted amino-acids 
presumably also accounted to the increased leve l of soluble 
p r o t e i n . The benef ic ia l e f fec t of pyridoxine on the process 
of seed germination may be further a s s i s t ed by the de_ novo 
synthesis of amino-acids u t i l i s i n g the organic acids produced 
in the oxidat ion of carbohydrates in Krebs cycle as the 
vitamin i s a co-enzyme of aminotransferases and transaminases 
(Lehninger, 1982). The amino-acids might have been incorporated 
in the synthesis of new pro te ins and enzymes (pagei i8 ), thus 
contr ibut ing towards the increase in the i r leve ls ,noted in 
th i s study. 
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( i i ) Physlomorphologlcal changes In the p lan ts ra ised from 
pyrldoxlne t rea ted seeds . 
Having observed b e t t e r response of the germination 
process of the seeds by 8 h (D^) soaking in the pyrldoxlne 
so lu t ion (Experiment 1 ) , the next s tep was to study how i t 
affected the physlomorphologlcal changes occurring In the 
p lan t s a t var ious in t e rva l s from 5 to 30 DAS (Experiments 2 and 
3) and 45 to 105 DAS (Experiment U) ? 
The p lants developed from t rea ted seeds possessed longer 
roots whose number a l so was more than in the control a t each 
of the se lected i n t e rva l from 5 to 30 DAS. Both these factors 
combined together to give higher fresh and dry weights of the 
roo t (Tables 1A and 15, 33 and 34, 51 and 52). A simple 
explanation of these findings may be traced to the s t imula t ion 
of s o l u b l l l s a t i o n of reserve carbohydrates and prote ins induced 
by the treatment during the ea r ly period of germination under 
the Influence of the exogenously supplied pyrldoxlne noted 
e a r l i e r (Experiment l ) . 
Natural ly, the Increased a v a i l a b i l i t y of resp i ra to ry 
subs t ra te to the developing embryo thixjugh increased a-amylase 
a c t i v i t y might r e s u l t in an accelerated ra te of growth of the 
radicale (Haque e_t a l , . , 1988) as t h i s could enhance the 
formation of new c e l l s (Noggle and Fr i t z , 1986). A s imi la r 
benef ic ia l e f f ec t of pyrldoxlne on root growth v/as reported by 
others in in v i t r o root cul ture (Almestrand, 1950 and 1951; 
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Fujlwara and Ojima, 1954; Boll , 1954; Kozhin and Kravtsov, 1973), 
propagation of stem cut t ings (Vergnano, 1959) and in s o i l and 
sand cu l tures of cot ton and barley p lants (Ovcharov and Kulieva, 
1968; Afridi et^ al_., 1979, r e spec t ive ly ) . 
As in the case of roo t s , the shoot of the p lants grovm 
from the t rea ted seeds a l so exhibi ted s i gn i f i c an t l y b e t t e r 
raeristematic a c t i v i t y which i s evident from higher t i l l e r and 
lea f numbers (Tables 52 and 53). The higher r a t e of c e l l 
d iv is ion together with the consequent c e l l enlargement would 
have resul ted in longer shoots (Tables 16, 35 and 54) . The 
fresh and dry weights of the p lan t were also favourably affected 
by the treatment probably as a r e s u l t of the a v a i l a b i l i t y of 
l a rge r surface area for anabolic a c t i v i t i e s (Tables 17 and 36 ) , 
This wajs fu r ther corroborated by t h e i r higher n i t r a t e reductase 
and ca ta lase a c t i v i t i e s together with an increase in carbohydrate, 
pro te in and NPK contents in the shoot (Tables 21 and 22, 24-30, 
40-41, 43-49, 58, 60 and 62) . In addi t ion , dry weight of 
roo t and shoot was s ign i f i can t ly corre la ted with a l l the growth 
c h a r a c t e r i s t i c s (except shoot length and root number) and with 
chemical c h a r a c t e r i s t i c s espec ia l ly a t ea r ly s tages of growth 
i . e . 5 to 30 DAS (Tables 68 and 70) . In other p lan t s a l so , 
shoot growth a t ear ly stages was favourably affected by 
pyrldoxine, i r r e spec t ive of i t s mode of app l ica t ion (Barbier i , 
1959; Vergnano, 1959; Ovcharov and Kulieva, 1968; Kozhin and 
Kravtsov, 1973; Afridi e_t a:^., 1979; Ahmad et. a^., 1981; 
Ansari, 1986 and Khan, 1988). 
Table 67, Corre la t ion s tud ies between shoot pyridoxine content 
and various grov/th and chemical parameters . 
Parameters 
Growth c h a r a c t e r i s t i c s 
Shoot length p l an t 
Leaf area p lan t 
-1 
Shoot fresh weight p l an t 
_1 Shoot dry weight p lan t 
-1 Hoot length p l an t 
-1 Root number p l an t 
Root fresh weight p lan t 
Root dry weight p lan t 
-1 
Correla t ion coe f f i c i en t ( r ) 
N,S, 
0,71 
0,60^ 
0,65' 
N.S. 
N,S, 
0.71 
0.78' 
** 
** 
** 
Pyridoxine content 
Days after sowing 
11 13 
N.S, 
0.91' 
0,75' 
0,61 
0,83 
N.S. 
N.S. 
0.81 
** 
*•)*• 
** 
** 
N.S. 
0.70' 
0,64' 
0,62' 
0,81 
N.S. 
0.90' 
0.92' 
** 
** 
** 
N.S. 
0.81 
0.73 
** 
*# 
0.78 
N.S. 
0.75'; 
0.78' 
•»<••)• 
** 
** 
0.54 
0.62' 
N.S. 
0.67 0.65 
0.83 
0.72" 
0.91' 
0.86 
** 
** 
** 
** 
Chemical c h a r a c t e r i s t i c s of shoot 
Ni t ra te reductase a c t i v i t y N.S. O.75 
0.76 
0.72' 
Catalase a c t i v i t y 0,69 
Soluble p ro te in content N.S. 
Insoluble p ro te in content N.S. 
Soluble carbohydrate N.S. 
content 
Insoluble carbohydrate N.S. 
content 
Chlorophyll content 0.64^ 
Nitrogen content 
Phosphorus content 0.65^ 
Potassium content 0.80 * ^ < -
* * 
** 
* * 
0.90 
0.63^ 
* * • 
** 
0.80 
0.71 
0.83 
* * 
i^* 
•K-X-
0.68 0.80 ** 
0.89 
N.S. 
** 
0.79 
. • x - # 
0.88 
0.74' 
0.89 
** 
** 
*^f-
0,68 0.66 0,66 0.64 
0.80 
0.89 
* * 
* * 
0.79 
0.79* 
** 
• » « • * 
0.73 
0.79 
* * 
•X-^f 
0.83 * * 
0.86 0.82 •x-x-
0.70' 
N.S. 
0.89 
• X - * 
0.67 0.68 
0.74 0.62 0.60 0,76 •x-x-
0.60 
0.77' 
0.65' 
•x-x-
* S igni f icant a t 5%; ** S igni f ican t a t l/oj N.S.Non-signif icant . 
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The behavioural difference in the two v a r i e t i e s which 
was noted from the beginning of germination (Experiment 1) , 
became more pronounced a t the l a t e r s tages (5-105 DAS) V^  
giving b e t t e r response than V^ (Tables 12-30, 31-49 and 50-65) 
The chemical analysis of p lan t s may a lso help in 
c la r i fy ing the s i t u a t i o n as vitamins are known to regulate 
several physiological processes (Bonner and Bonner, 19A8; 
^berg, 1961) which find an expression in one or the o ther 
morphological charac te r . 
The pyridoxine content of the shoot increased as growth 
progressed, i r r e spec t ive of the treatment, but the increase 
was more prominent in p lants ra ised from seeds t rea ted with 
vitamin (Tables 20 and 39), Kozhin and Kravtsov (1973) also 
reported s imi la r observations in apple and pear embryos. 
Although not much information i s ava i lab le to explain these 
observations but probably pyridoxine treatment corrected some 
unknown impaired physiological process(s ) in the seed and/or 
shoot to enhance the leve l of the vitamin in the l eaves . 
The p lan ts raised from t rea ted seeds possessed more 
NPK and n i t r a t e contents than control (Tables 28-30, 47-49, 
and 59-62), probably due to increased s o i l exploring capacity 
of the roots (Tables 12 and 13, 31 and 32) . Kodandaramaiah 
(1983) Rao and Reddy (l985) and Ansari (1986) fur ther argued 
tha t vitamin e i t h e r a l t e r s the permeabil i ty of the root c e l l s 
or ac t s as a co-enzyme of c e r t a i n c a r r i e r pro te ins which are 
responsible for nu t r i en t uptake across the membrane. On the 
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other hand, Artamonov (1973) and Elao e_t al_. (1987) were of the 
opinion tha t vitamin treatment increased r e sp i r a to ry a c t i v i t y 
thus making more energy avai lab le for act ive absorpt ion of ions . 
The increased a v a i l a b i l i t y of n i t r a t e , which i s normally a ra te 
l imi t ing f&ctor in the reduction of n i t r a t e to n i t r i t e (Beevers 
and Hageman, I969)f resu l ted in an increase in n i t r a t e reductase 
a c t i v i t y (NRA.) (Tables 21, 40 and 58), because i t i s a subs t ra te 
induced enzyme (Candela g i al . . , 1957; Hewitt and Afr idi , 1959). 
A s imi lar increase in NRA in legumes has a lso been i^eported by 
Ansari (1986) and Khan ( l988) . In add i t ion , pyridoxine i s 
d i r e c t l y involved in the synthesis of amino-acids, being a 
co- fac tor of transaminases and aminotransferases (Lehninger, 
1982). Nitrogen ass imi la t ion thus being favoured by the 
treatment, the p lants possessed increased p ro te in levels 
(Tables 26 and 27, 45 and 46) . The pro te in l eve l followed a 
pa t t e rn s imi la r to tha t of NRA. Kodandaramaiah (l983), while 
repor t ing s imi la r observat ions, suggested tha t pyridoxine might 
be ac t ing as a co-factor in p ro te in synthesis which was also 
supported by Rao ejt al.. (1975) and Rao e_t al^. (1987). 
This higher l eve l of p ro te in in a s soc ia t ion with 
add i t iona l amounts of avai lable porphyrin in whose synthesis 
pyridoxal phosphate, the ac t ive form of pyridoxine, i s involved 
as a co-factor of 6-amino-levulinic ac id synthetase (Kikuchi 
e t ,a l^ . , 1958) might have resul ted in the increased production 
of porphyrin pro te in i . e . ca ta lase (Tables 22 and 41) . Other 
vitamins (B^, B^ and C) are a lso reported to increase ca ta lase 
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a c t i v i t y in cot ton p lan ts ra ised from t rea ted seeds 
(Sruoginite and Shpokene, 1968 and Mileva, 1969). 
^ The involvement of pyridoxine in the synthes is of 
porphyrin, as discussed e a r l i e r and above, might have resu l ted 
in higher chlorophyll content in the p lan ts ra ised from 
t rea ted seeds (Tables 23 and 42) . Similar r e s u l t s have a l so 
been reported by Zavenyagina and Bukin (1969), Kozhin and 
Kravtsov, (l973) and Kbdandramaiah and Rao (l98Aa,b). The 
cumulative e f fec t of increased leve l of chlorophyll and leaf 
area (Tables 17, 36, 23 and 42) exerted a marked e f fec t on 
the a b i l i t y of p lan t to u t i l i s e add i t i ona l amounts of nu t r i en t s 
(Tables 28-30, 47-49 and 59-62) to produce more photosynthates 
i . e . soluble and insoluble carbohydrates (Tables 24, 25, 43-44). 
High photosynthetic a b i l i t y of the p lants was fur ther evident 
from cor re la t ion s tudies where the l eve l of soluble and 
insoluble carbohydrates followed a pa t t e rn s imi l a r to tha t of 
pyridoxine content of the shoot (Tables67 and 69) . 
Variety V in general proved more responsive to 
pyridoxine appl ica t ion probably because of i t s poorer seed 
vitamin content compared with ^2 (Table 4) and in te rac ted bes t 
with T^ a t ear ly growth stages ( i . e . 5 -30 DAS) and T^ a t the 
remaining samplings ( i . e . 45-105 DAS) for most of the parameters 
s tudied . The s h i f t in the response from T, to T, a t the l a t e r 
s tages of growth might have^been due to the fact t ha t the higher 
concentrat ion must have been supra-optimal, however, becoming 
more effect ive as the growth progressed because of " d i l u t i o n 
Table 6y. Corre la t ion between pyridoxine content in the shoot 
and var ious growth and chemical c h a r a c t e r i s t i c s . 
Parameters 
Correla t ion coe f f i c i en t ( r ) 
Pyridoxine content 
Days a f t e r sowing 
15 20 23 30 
Growth c h a r a c t e r i s t i c s 
Shoot length plant""'' 
Leaf area plant 
Shoot fresh weight plant 
Shoot dry weight plant 
—1 
Root length plant 
—1 
Root number plant 
N.S. 
N.S. 
N.S. 
N.S. 
0.72 
N.S. 
0.56 
0.71 
0.75 
0.73 
0.87 
N.S. 
Root fresh weight p lan t 
_-] 
Root dry weight p lan t 
-1 0.56 
0.55 
Chemical c h a r a c t e r i s t i c s of shoot 
Nit ra te reductase a c t i v i t y 
Catalase a c t i v i t y 
Soluble p ro te in content 
Insoluble p ro te in content 
Soluble carbohydrate content 
0.69 
0.6V 
N.S. 
0.58' 
Chlorophyll content 
Nitrogen content 
Phosphorus content 
Potassium content 
o.6r 
0.59' 
0.59' 
0.58' 
* * 
* * 
** 
* * 
0.82 
0.79'' 
it* 
*w 
* * 
0.71 
0.93 
0.66' 
0.90"' 
** 
** 
•x-x-
Insoluble carbohydrate content 0.54 0.71 * * 
0.87 
0.78 
* * 
* * 
. * * 
0.83 * * 
0.57 
0.59' 
0.73" 
0.66' 
0.73^ 
0.56' 
0.85 
0.71 
* * 
. * * 
** 
** 
0.57 0.88 0.54 
0.64 
0.72 
N.S. 
0.84 
0.87 
0.82 
0,56' 
* * 
•K-X-
* * 
** 
** 
0.74 * * 
0.65 
0.66' 
0.80 
0.81 
0,91 
0.65' 
0,90 
0.85' 
* • » » • 
** 
** 
^* ~~ 
** 
0,84 
N,S. 
0.76 
0.79 
0.85 
0.75 
0.72 
0.64' 
* * 
** 
** 
* * 
* * 
•x-x-
0.85 0.84 0.79 .-x-x-
0.75 * * 
* Signi f icant a t 5%; ^^Signif icant a t 1%; N.S. Non-signif icant . 
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with growth" (Moorley and Base ford, 1983). 
( i l l ) Biological y ie ld of the p lan t s ra ised from t rea ted seeds . 
The p lan t s raised from the seeds t rea ted with pyridoxine 
exhibi ted higher ra te of meristematic a c t i v i t y and dry matter 
production a t a l l the stages s tud ied ,as discussed e a r l i e r . 
Equally important i s the role of t rans loca t ion of photosynthates 
to the developing seeds which i s known to be f a c i l i t a t e d by the 
higher r a tes of a-amylase and ca ta lase a c t i v i t i e s (Bhattacharya 
e t a l . . 1977). This acquired a b i l i t y was fur ther re f lec ted in 
the ear c h a r a c t e r i s t i c s (Tables 63-65) . The cumulative e f fec t 
of s ign i f i can t ly enhanced ear number per p lan t , ea r weight per 
p l an t , sp ike le t number per ear , seed number per ear and 1,000 
seed weight resul ted in increased seed yie ld (Table 65), because 
ear c h a r a c t e r i s t i c s determine the seed yield of the p lants 
(Sprague, 1926; Murthy and Sethi , 1961). The increase in y ie ld 
as a r e s u l t of pyridoxine treatment has a l so been reported in 
wheat (Kukdrev and Pavlov, 1965), barley (Afridi e t aj^., 1979; 
Ahmad e t a l , , 1981 and 82), t r i t i c a l e (Ashfaq et^al^., 1983) 
and legumes (Ansari, 1986; Khan, 1988), The seed y ie ld was 
pos i t i ve ly cor re la ted (p<0,Ol) with NRA, NAR and ni trogen leve l 
in the p lants (Table 71) . This indica tes t ha t pre-sowing seed 
treatment resul ted in an increase in the " n u t r i e n t use 
e f f ic iency" of the resu l t ing p lan ts which f i n a l l y enhanced 
biological y i e ld , a t harves t . Similar pos i t ive cor re la t ions 
were a l so reported by Khan and Zaidi (l985);Samiullah et, a l , . ( l985) ; 
Ansari and Khan(1986);Ansari e t a l . (l987)and Khan (1988), 
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CHAPTER 6 
SUMMARY 
The Ind ispensab i l i ty of pyridoxins in excised root 
cul ture of cerea ls i s well es tab l i shed (Chapter 2 ) . However, 
information about the role of pyridoxine in seed germination 
and subsequent p lan t growth of cerea ls i s meagre. Three 
experiments were, therefore , la id out to obtain a b e t t e r 
understanding of the role of pyridoxine in seed germination 
and p l an t growth leading to the b io log ica l y i e ld , a t harves t . 
Biochemical and physiomorphological changes induced in 
two v a r i e t i e s of t r i t i c a l e namely, Tigre " S" (V ) and 
Muskox " S " (V2) by pre-sowing seed treatment with pyridoxine 
were studied in p e t r i p l a t e s (Sxperiment I ) and in sand cul ture 
(Experiment 2, 3 and 4) during the " r a b i " seasons of 1985-88, 
The findings were mostly s i gn i f i c an t a t P < 0,05 and are 
summarised below: 
Experiment 1 
Seeds of both the v a r i e t i e s of t r i t i c a l e were chemically 
analysed for the contents of pyridoxine, soluble and insoluble 
carbohydrate and p ro t e in . At the same time the seeds were a l so 
soaked in water (T^ } and d i f fe ren t concentrat ions of aqueous 
pyridoxine solut ions i . e . 0.0013^ (T2), 0.01?6 (T,) and 0.1% (T, ) 
for 8 h (Di) o r 12 h (D2) durat ions and then allowed to 
germinate in p e t r i p l a t e s (containing wet s t e r i l e sand) in a 
B.O.D. Incubator run a t 20+2^^0. These germinating seeds, in 
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addi t ion to the above c h a r a c t e r i s t i c s , were a l so analysed for 
a-amylase and ca ta lase a c t i v i t i e s , a t 6 h i n t e r v a l s , t i l l the 
emergence of the rad ic le (24 h ) . 
( i ) P/ridoxine leve l in the seeds increased as germination 
progressed, i r r espec t ive of the t rea tment . However, the 
increase was very prominent in the seeds p re - t r ea t ed with the 
vi tamin. Pyridoxine leve l of the seeds followed a pa t t e rn 
s imi la r to tha t of the concentrat ion gradient of the so lu t ion 
used for soaking i . e . T^>T,>T2>T^. 
( i i ) So lub i l i sa t ion process of the reserve food mater ia l 
was f a c i l i t a t e d by the t reatment . The level of soluble 
carbohydrate and pro te in increased, whereas tha t of insoluble 
carbohydrate and pro te in decreased, T, (0.0156) proved to be 
the most e f fec t ive treatment and T^ (0.1%), the l e a s t e f f e c t i v e . 
The l a t t e r thus proved supraoptimal. The best durat ion for 
soaking the seeds in T, was 8 h (D^), However, longer soaking 
(12 h) gave bes t r e s u l t s with T2. 
( i i i ) Hydration of the seeds resu l ted in an increase in the 
a c t i v i t i e s of a-amylase and c a t a l a s e . The increase was more 
prominent in the seeds soaked in pyridoxine so lu t ion . T, (0.01%) 
increased the leve l to the maximum va lue . 
( iv) 'S ign i f ican t v a r i e t a l differences were recorded. V gave 
b e t t e r response to the treatment than V 
(v) Treatment x va r i e ty i n t e r ac t i on ef fec t was s i g n i f i c a n t . 
T^ X V^  proved to be the bes t combination. 
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(v i ) Among the two durations for which seeds were soaked, 
D^  (8 h) proved to be more ef fec t ive than D (12 h ) . 
Experiment 2 
The seeds of both the v a r i e t i e s (V^ and V ) of t r i t i c a l e 
were soaked in graded pyridoxine so lu t ion as in Experiment 1, 
but for 8 h only and allowed to germinate in pots in sand 
cul ture for 13 days with the addi t ion of fu l l n u t r i e n t so lu t ion . 
The plants were sampled a t 5, 7, 9, 11 and 13 days a f t e r sowing 
(DAS) and studied for se lected root and shoot c h a r a c t e r i s t i c s . 
The shoot was a lso subjected to chemical a n a l y s i s , 
( i ) Root and shoot growth was s ign i f i can t ly affected by 
the t rea tment . Treatment T, ( i . e . soaking in 0.0196 pyridoxine 
so lu t ion) produced best e f f ec t , 
( I I ) At a l l i n t e rva l s upto 13 DAS, the p lan t s raised from the 
seeds t rea ted with puridoxine exhibi ted higher l eve l s of soluble 
and insoluble carbohydrates and p ro te ins , chlorophyl l , 
pyridoxlne, NPK content and Increased a c t i v i t i e s of n i t r a t e 
reductase and ca ta lase in the shoot as compared with the control , 
T j , In general , proved to be the most e f fec t ive concentrat ion 
of the vi tamin. 
( I I I ) Tigre " S " (V^) differed s i gn i f i c an t l y , in i t s response 
to the ' t rea tment with Muskox " S " (V^) and gave higher values 
for almost a l l the above mentioned parameters a t d i f f e ren t 
stages of growth. 
130 
( iv) Among the d i f fe ren t combinations, T., x V proved to 
be the be s t . I t s ef fects differed s ign i f i can t ly from those for 
the r e s t of the in te rac t ions a t a l l samplings. 
Experiment 3 
The seeds were t rea ted in the same v/ay as in Experiment 
2 and the p lan ts were raised in sand cul ture for 30 days and 
sampled a t 15, 20, 25 and 30 DAS. Root and shoot c h a r a c t e r i s t i c s 
a t each sampling were studied in the same way as in Experiment 2 . 
( i ) The root and shoot of the p lan ts developed from t rea ted 
seeds exhibi ted s ign i f i can t ly b e t t e r growth than the control 
a t almost a l l the stages of growth , of which most showed 
maximum response to T, i . e . 0,0196 pyridoxine s o l u t i o n . The 
highest concentrat ion (T,) proved to be l e a s t e f fec t ive in 
t h i s regard. The general pa t t e rn of the plant response to the 
treatments was in the order: T,>T2>T^>T^. 
( i i ) The treatment s ign i f i can t ly enhanced the leve ls of 
soluble and insoluble carbohydrates and p ro te ins , pyridoxine, 
chlorophyll , NPK content and the a c t i v i t i e s of n i t r a t e reductase 
and ca ta lase in the shoot a t a l l the stages of growth. T, 
proved to be the most e-ffective t reatment . 
( i i i ) Throughout the course of the experiment, s i gn i f i c an t 
v a r i e t a l differences were observed, with V. being more 
responsive than Y^, 
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( iv) In te rac t ion e f fec t of treatment x va r i e ty was a l so 
s i gn i f i c an t . T^  x V proved to be the best combination 
throughout the s t u d i e s . 
Experiment 4 
Seeds t rea ted with pyridoxine (Experiment 2) were grown 
in sand cul ture according to simple randomised block design. 
Ifelf of the p lan ts were sampled a t 45, 60, 75 ( t i l l e r i n g s t age ) , 
90 (heading s tage) and 105 DAS (milky ?S8d s t a g e ) . Root and 
shoot c h a r a c t e r i s t i c s were noted and chemical analys is of the 
leaves done a t each sampling. NAR was computed for 30-45, 
45-60, 60-75, 75-90 and 90-105 DAS. The r e s t of the p lants 
were allowed to grow upto maturi ty and analysed for d i f f e ren t 
y ie ld c h a r a c t e r i s t i c s a t harvest (145 DAS). 
( i ) At the stages of grov/th mentioned above, the p lan ts 
developing from t rea ted seeds maintained b e t t e r root and shoot 
growth than the control was as exhibi ted by fresh and dry 
weights of root and shoot and production of leaves and t i l l e r s . 
T. induced the bes t response followed closely by T, . 
i ( l i ) Treatment s ign i f i can t ly increased the l eve l of NPK 
including n i t r a t e and the a c t i v i t y of n i t r a t e reductase in the 
shoot a t a l l the stages of growth s tud ied . T, invar iably 
proved to be most effect ive followed by T:. and T . 
2 / 
( i i i ) Almost a l l the ear charac ters were s i g n i f i c a n t l y affected 
by the t reatment . In general , T^ had the most favourable e f fec t 
on the c h a r a c t e r i s t i c s studied and was followed by T 
3 * 
132 
( iv) Seed and straw y ie lds per pot v/ere enhanced s ign i f i can t ly 
by the t reatment . T, • proved bes t and was c losely followed in 
i t s e f fec t by T, . 
(v) As regards ear c h a r a c t e r i s t i c s and seed and straw y i e l d s , 
va r i e ty V^  gave b e t t e r response to the treatment than V^  from 
the ear ly stage of p lant growth, a lso proved bes t compared with 
V j . 
(v i ) Treatment x var ie ty i n t e r ac t i on ef fec t for most of the 
ear c h a r a c t e r i s t i c s and seed and straw y ie lds was s i g n i f i c a n t , 
T4 X V^  proved to be the best combination. 
^tltttntti 
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APPENDIX 
PREPARATION OF REAGENTS 
The v a r i o u s r eagen t s used for b iochemica l d e t e r m i n a t i o n s 
were prepared acco rd ing to the fo l lowing methods, 
1 • Reagents for the e s t i m a t i o n o f pyr ldoxine 
1.1 Chlorolmide reagent 
100 mg c r y s t a l l i n e 2,6-dichloroquinone chloroimide was 
dissolved in 250 ml isopropanol. The so lu t ion was stored in a 
glass-stoppered bo t t l e in r e f r i ge r a to r and discarded i f pink 
colour developed, 
1.2 Ammonia-ammonium chloride so lu t ion 
160 mg ammonium chloride was dissolved in 70 ml d i s t i l l e d 
water to which 160 ml ammonia-water (27% approximately) was 
added. The so lu t ion was d i lu ted upto 1 1 with d i s t i l l e d water . 
1.3 Boric acid so lu t ion (5%) 
5 g boric acid was dissolved in d i s t i l l e d water and the 
f i na l volume was made upto 100 ml. 
1.4 Pyrldoxine hydrochloride so lu t ion 
100 mg pyrldoxine hydrochloride was dissolved in 
su f f i c i en t d i s t i l l e d water and the f ina l volume was made upto 
1 1. The so lu t ion was stored in an amber coloured bo t t l e in 
r e f r i g e r a t o r . 
I I 
1,5 Buffer so lu t ion (pH 3) 
73 g sodium phosphate dihydrate and 167 g c i t r i c acid 
was dissolved In su f f i c ien t d i s t i l l e d water and the f ina l 
volume was made upto 1 1. 
2 . Reagents for the est imation of n i t r a t e reductase a c t i v i t y 
2.1 Phosphate buffer (pH 7.5) 
(a) 13.6 g potassium dlhydrogen orthophosphate (KH2PO,) 
was dissolved in su f f i c i en t d i s t i l l e d water and the f ina l 
volume was adjusted upto 1 1. 
(b) 17.42 g dipotassium monohydrogen orthophosphate (KpH PO, ) 
was dissolved in su f f i c i en t d i s t i l l e d water and the f ina l volume 
was made upto 1 1, 
(c) 160 ml of so lu t ion (a) and 8A0 ml of so lu t ion (b) was 
mixed in order to get pH 7 . 5 . 
2.2 Potassium n i t r a t e (0.2M) 
2.02 g potassium nitrate was dissolved in enough 
distilled water and the final volume was made upto 100 ml, 
2.3 Sulphanllamide solution i^%) 
1 g sulphanllamide powder was dissolved in 100 ml 3N HCl, 
2.4 NED-HCl so lu t ion (0.02^) 
' 20 mg NED-I^l [N-1-(naphthyl)-ethylene diamine dihydro-
chloric acid] was dissolved in 100 ml distilled water. 
I l l 
3 . fleagents for the determination of ca ta lase a c t i v i t y 
3,1 Phosphate buffer (pH 6.8) 
Stock so lu t ions of KH2PO, and KpHPO^  were prepared as 
given e a r l i e r in the method of NR assay. 49 ml of K2HPO, 
solut ion was mixed with 51 ml KH2PO, so lu t ion . Final volume, 
200 ml was made with d i s t i l l e d water. 
4 , Reagents for the est imation of a-amylase a c t i v i t y 
4.1 Preparat ion of s tarch subs t ra te 
150 mg s ta rch , 6OO rag KILPO^ and 2x10~^g CaCl^ was 
added to su f f i c ien t d i s t i l l e d water so as to get t o t a l volume 
100 ml. This so lu t ion was boiled for 1 min, cooled, then 
centrifuged for 10 min a t 3,000 x g and the c l ea r supernatant 
was used for the enzyme assay. 
4.2 Iodine reagent 
6 g potassium iodide and 600 mg iodine was dissolved 
in d i s t i l l e d water and f ina l volume was made upto 100 ml. 
1 ml of t h i s so lu t ion was added to 0,5 N hydrochloric acid to 
give f ina l volume 100 ml of the so lu t ion . 
4.3 Acetate buffer (pH 4.8) 
Stock solut ions (a) and (b) were prepared and mixed in 
the r a t i o given below: 
(a) 11.55 ml ace t i c acid was added to d i s t i l l e d water and 
d i lu ted to 1 1 . 
IV 
(b) 27.22 g sodium aceta te was dissolved in d i s t i l l e d water 
and the f ina l volume was made upto 1 1. 
(c) 41 ml a c e t i c acid so lu t ion (a) and 59 ml sodium ace ta te 
solut ion (b) was mi:xed together in order to get a buffer 
so lu t ion of pH 4 . 8 . 
5 , Reagents for the est imation of n i t r a t e 
5.1 Phenoldlsulphonic acid reagent 
25 g pure white phenol (AR) was dissolved in 150 ml of 
pure concentrated sulphuric acid to which 75 ml fuming sulphuric 
acid was added (131^ SO-^). The so lu t ion was heated for about 2 h 
a t 100*^ G in water-bath and cooled. This so lu t ion was kept in a 
dark bo t t l e in r e f r i g e r a t o r . 
5.2 Standard n i t r a t e so lu t ion 
7.22 g potassium n i t r a t e was dissolved in su f f i c i en t 
d i s t i l l e d water and f ina l volume was adjusted to 1 1. . 5 ml 
of t h i s standard so lu t ion was further d i lu ted to 1 1 with d i s t i l l e d 
water. One ml of th i s so lu t ion gave 5 Mg of n i t r a t e ni t rogen per ml 
6 , Reagents for the determination of N and P 
6,1 Ness le r ' s reagent 
(a) 3.5 g potassium iodide was dissolved in 100 ml d i s t i l l e d 
water to which 4% mercuric chloride was mixed with continued 
s t i r r i n g t i l l a s l i g h t red p r e c i p i t a t e remained (about 325 ml of 
the so lu t ion was requi red) , 
(b) 120 g of sodium hydroxide was dissolved in d i s t i l l e d 
water and f i na l volume made upto 250 ml. 
(c) Solutions (a) and (b) were mixed together and di lu ted 
to 1 1 with d i s t i l l e d water. The solut ion v/as stored in an 
amber coloured b o t t l e in r e f r i g e r a t o r , 
6,2 Molvbdlc acid reagent {2.5%) 
6,25 g ammonium raolybdate was dissolved in 75 ml 10 N 
I^SO, . To t h i s so lu t ion , 175 ml d i s t i l l e d water was added in 
order to get 250 ml of the above reagent . 
6.5 Amlnonaphthol sulphonic acid 
0.5 g 1-amino-2-naphthol-4-sulphonic acid was dissolved 
in 195 ml ^5% sodium b i su lph i te so lu t ion to which 5 ml of 20% 
sodium sulphi te solu t ion was added. The above so lu t ion was 
stored in a dark coloured b o t t l e , 
7, Reagents for the es t imat ion of carbohydrate 
7.1 Sulphuric acid (1.5 N) 
10,20 ml pure sulphuric acid (AR) was added to enough 
d i s t i l l e d water and f ina l volume was made upto 250 ml, 
7.2 Phenol (.3%) 
5 ml d i s t i l l e d phenol was mixed with 95 ml d i s t i l l e d 
water. 
8 . Reagents for the es t imat ion of pro te in 
8,1 Reagent A 
2% sodium carbonate was mixed with 0,1 N sodium 
hydroxide (1 :1) , 
VI 
8.2 Reagent B 
0.5% copper sulphate was adcied to 1;?^  sodium t a r t r a t e 
( 1 : 1 ) . 
8.3 Reagent C (a lkal ine copper sulphate so lu t ion) 
I t was prepared by mixing 50 ml reagent 'A' with 1 ml 
reagent ' B ' . 
8.4 Reagent D (carbonate-copper sulphate so lu t ion) 
Same as reagent ' C , except for the omission of sodium 
hydroxide. 
8.5 Reagent E (Fbl ln ' s phenol reagent) 
100 g sodium tungstate and 25 g sodium molybdate was 
dissolved in 700 ml d i s t i l l e d water in which 50 ml of 85?6 
phosphoric acid and 100 ml cone, hydrochloric acid was mixed. 
The flask was connected with a reflux condenser and boiled 
gently on a heating mantle for 10 h. At the end of the 
boi l ing period, 150 g litjiium sulphate , 50 ml d i s t i l l e d water 
and 3-4 drops of l iqu id bromine v/as added to t h i s f l ask . The 
ref lux condenser was removed and the so lu t ion in the f lask 
was boiled for 15 min, in order to remove excess bromine, 
cooled and d i lu ted to 1 1, 
The s t rength of th i s ac id ic so lu t ion (1 N) was tes ted by 
t r e a t i n g i t with 1 N sodium hydroxide using phenolphthalein 
as an ind ica to r . 
